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Chapter 1 

INTRODUCTION AND BASIC PRINCIPLES 


General 

Synchros, as identified by the Armed Forces, are 
electromagnetic devices which have certain char¬ 
acteristics and are used primarily for the transfer of 
angular-position data. Synchros are, in effect, 
transformers whose primary-to-secondary coupling 
may be varied by physically changing the relative 
orientation of the two windings. Aboard ship, 
radar antennas, gun turrets, sonar projectors, 
rudders, and other devices whose positions are 
variable are usually located far away from their 
controls. Information regarding their respective 
positions must be supplied to control and observa¬ 
tion points. In noisy locations such as engine 
rooms, more attention will be given to a visual 
signal than to a spoken one; the Engine Order 
Telegraph is a good example of this. Mechanical 
position-data transmission or signaling systems 
using gears and shafts, flexible rotating shafts, or 
belts and pulleys are usually impractical. 

Figure 1 shows a simple mechanical system using 
gears and shafts. The handwheel represents the 
mechanical or manual force required to drive the 
device whose position is to be indicated; in this 
arrangement, enough added force must be applied 
to the handwheel to turn the indicators and their 



connecting links. Figure 2 shows the same data 
being transferred by synchros; in this system, the 
handwheel requires only the additional force 
necessary to turn the synchro transmitter’s rotor. 
In addition to requiring less operating power, 
synchro systems are more flexible, easier and 
cheaper to install and maintain, and can operate 
between more widely separated locations than 
their mechanical counterparts. 



Scope 


This publication contains information essential 
to an understanding of synchros and synchro 
systems. Although this publication was written 
primarily to describe military synchros, most of 
the information is sufficiently general in nature to 
apply to equivalent commercial devices. When 
used alone, this book neither provides enough 
information to enable the reader to design a 
synchro nor provides answers to all possible 
questions regarding the use of existing units. 
Components catalogs, specifications, standard 
plans, equipment instruction books, and similar 
material should always be referred to for informa¬ 
tion about specific designs or applications. 

In all illustrations, and on all military synchros, 
the R numbers identify rotor connections and the 
S numbers identify stator connections. Because 
similar symbols are used for different synchro 
types, the type used is identified by one of the 
abbreviations in table 1. 
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Table 1—Synchro Functional Classifications 


Functional 

Classifica¬ 

tion 

Military 

Abbrevi¬ 

ations 

Input 

Output 

Torque Transmitter 

TX 

Rotor positioned mechanically or 
manually by information to be 
transmitted 

Electrical output from stator identifyir; 
rotor position supplied to torque receive 
torque differential transmitter, or torqi. 
differential receiver 

Control Transmitter 

CX 

Same as TX 

Electrical output same as TX but suppl;- 
onlv to control transformer or corn: 
differential transmitter 

Torque Differential 
Transmitter 

TDX 

TX output applied to stator; rotor 
positioned according to amount 
data from TX must be modified 

Electric output from rotor (represents 
angle equal to algebraic sum or differen 
of rotor position angle and angular da. 
from TX) supplied to torque receiver- 
another TDX, or a torque differential r- 
ceiver 

Control Differential 
Transmitter 

CDX 

Same as TDX but data usually 
supplied by CX 

Same as TDX but supplied only to contr. 
transformer or another CDX 

Torque Receiver 

TR 

Electrical angular position data 
from TX or TDX supplied to 
stator 

Rotor assumes position determined b 
electrical input supplied 

Torque Differential 
Receiver 

TDR 

Electrical data supplied from two 
TDX’s, two TX’s or one TX 
and one TDX (one connected 
to rotor, one to stator) 

Rotor assumes position equal to algebra 
sum or difference of two angular inputs 

Control Transformer 

CT 

Electrical data from CX or CDX 
applied to stator; rotor posi¬ 
tioned mechanically or manu¬ 
ally 

Electrical output from rotor (proportional 
sine of the difference between rotor angular 
position and electrical input angle) 


Synchros 

Synchros resemble small electric motors. Elec¬ 
trically they are transformers whose primary-to- 
secondary coupling can be varied by physically 
rotating one winding inside the other. Any devi¬ 
ation in the position of the movable winding, 
rotor, with respect to the fixed winding, stator, 
from a reference or zero position is called angular 
displacement. 

In this publication, synchros are represented 
schematically by the symbols shown in figures 3 
and 4. The symbols in figure 3 are used when 
it is necessary to show only the external connec¬ 
tions to a synchro, and the symbols of figure 4 
are used w r hen it is important to understand the 


physical relationships between the rotor and stir 
tor. The small arrow on the rotor indicates th; 
angular displacement of the rotor; in figure 4 th; 
displacement is zero degrees. 

Synchro Systems 

Synchro systems consist of two or more inter 
connected synchros, plus auxiliary units such a 
synchro capacitors and trouble indicators when 
required. 

Systems which provide a low r -power mechan¬ 
ical output sufficient to position indicating device? 
actuate sensitive switches, or move light load? 
are known as torque systems. Control system?; 
provide an electrical output and are widely used| 
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INTRODUCTION AND BASIC PRINCIPLES 




Figure 3—Schematic Symbols Used To Show External 
Connections only. 

as follow-up links and error detectors in servo, 
automatic control, systems. Quite often, one 
system will perform both torque and control 
functions. Individual units are designed for use 
in either torque or control systems. Some torque 
units may be used as control units, but control 
units cannot replace torque units. 

Functional Classifications 

Units are grouped according to their intended 
function. The seven common types, or functional 
classifications, are defined briefly here. More 
complete descriptions are given in chapter 2 and 
table 1 lists the input, output, and military 
abbreviations. 

Torque Transmitter. A torque transmitter is 
a unit which electrically transmits angular infor¬ 
mation according to the physical position of its 
rotor with respect to its stator. The rotor posi¬ 
tion is determined mechanically or manually by 


the information to be transmitted; the end result 
is the transformation of angular data into corres¬ 
ponding electrical values. Torque transmitters 
are normally connected to torque receivers, torque 
differential receivers, or torque differential trans¬ 
mitters; under certain conditions they may be used 
as control transmitters. 

Control Transmitter. Except for being con¬ 
nected only to control transformers or control 
differential transmitters, control transmitters 
perform the same function as torque transmitters. 

Torque Differential Transmitter. A torque 
differential transmitter electrically transmits angu¬ 
lar information equal to the algebraic sum or 
difference of the electrical input supplied to its 
stator, from a torque transmitter, and the angu¬ 
lar position of its rotor with respect to its stator. 
The rotor is positioned to modify or correct the 
data from the torque transmitter by some desired 
amount. The electrical output of this unit will 
be applied to a torque receiver, another torque 
differential transmitter, or a torque differential 
receiver. 

Control Differential Transmitter. This is func¬ 
tionally the same as the torque differential trans¬ 
mitter except that it is used in control rather 
than torque systems. 

Torque Receiver. A unit whose rotor assumes 
an angular position determined by the electrical 
input supplied to its stator from a torque trans¬ 
mitter or torque differential transmitter. For 
proper operation, the rotor must be connected 
in parallel with the rotor of the associated torque 
transmitter, and both synchros energized from 
the same power source. 

Torque Differential Receiver. A unit whose 
rotor assumes a physical position determined by 
the algebraic sum or difference of the electrical 
inputs supplied from two torque transmitters, two 



Figure 4—Schematic Symbols for Relative Positions of Windings. 
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torque differential transmitters, or one torque 
transmitter and one torque differential trans¬ 
mitter. 

Control Transformer. A unit which, when 
supplied with electrical information from a trans¬ 
mitter or differential transmitter, produces an 
electrical output proportional to the sine of the 
difference between the control transformer rotor 
angle and the angle represented by the electrical 
input. 

Magnetism 

Because synchros are electromagnetic devices, 
a brief review of the principles of magnetism is 
included here. 

A magnet is a body which has the power of 
attracting iron, steel, cobalt, nickel, and certain 
other metals. One form of iron oxide, called 
magnetite, exists as a magnet in its natural state. 
This natural magnet was first known as lodestone, 
or leading stone, because of its directional prop¬ 
erty; when suspended so that it is free to move, 
a magnet will assume a nearly north-south posi¬ 
tion. Bodies made magnetic by some process 
are called artificial magnets. Artificial magnets 
possess the same power of attraction and direc¬ 
tional property as natural magnets. In the 
balance of these discussions, reference to a magnet 
is intended to mean an artificial magnet. A 
permanent magnet is one which retains its mag¬ 
netism over a long period of time, while a tem¬ 
porary magnet quickly loses its magnetism when 
the magnetizing force is removed. Surrounding 
a magnet is an area in which its attracting power 
exists; theoretically this area, called a magnetic 
field, is infinite but it is usually apparent only in 
the close vicinity of the magnet. Magnets come 
in many shapes; one of the most common is the 
bar magnet, figure 5. 



Figure 5—Bar Magnet and Its Field. 



Figure 6—Magnetic Attraction. 


The end regions of a magnet are known * 
poles; the end pointing toward geographic non 
is called the north-seeking or simply the non 
pole, the other is called the south-seeking or sou; 
pole. In figure 5, the broken lines represent ti 
lines of force which make up the magnetic fiel: 
These lines of force are directional, radiating fro:, 
the north pole of the magnet, passing through t! 
surrounding medium, and re-entering the magnf 
at the south pole. Field strength is greatest net 
the poles, where the lines of force are more cor 
centrated. 

If two magnets are close enough, their fielc 
interact and the magnets, when free to mov- 
change position. If the lines of force, and hen 
the fields, are in the same direction they tend :• 
combine and pull the magnets together. Figu:- 

6 shows two bar magnets with unlike poles clo; 
together, with the resultant attraction. Figu: 

7 shows the bar magnets placed with like pok-: 
close together. The lines of force are now n 
opposite directions, and the fields repel each other 
pushing the magnets apart. The strength of at 
traction or repulsion (1) increases as the pol: 
strengths increase, (2) decreases as the distanc 
between the poles increases and (3) depends o ; 
the medium through which the lines of force pas? ; 
A magnetic field passes more easily through sorn-j 
materials than others. Permeability is th| 
measurement of ease with which a substanc j 
passes a magnetic field, as compared to its ea> j 
of passage through air or a vacuum. If the line- 



Figure 7 —Magnetic Repulsion. 
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Df force encounter more resistance, magnetic 
Opposition, in passage through a material than in 
passage through air, the material is referred to as 
.diamagnetic. Materials more magnetizable than 
air are called paramagnetic. Such diamagnetic ma¬ 
terials as tin, gold, copper, silver, zinc and lead 
are actually slightly repelled by a magnet. Para¬ 
magnetic materials are attracted slightly, except 
the class known as ferromagnetic, iron alloys, 
nickel, and cobalt, which a magnet attracts 
strongly. 

Two or more interacting magnetic fields pro¬ 
duce one resultant field. Figure 8 shows three 
magnets with interacting fields, and the single 
leld produced. 

In an unmagnetized body, the molecules, 
actually tiny magnets themselves, are not aligned 
.n any particular manner with respect to each 
Dther. By stroking an unmagnetized piece of 
;ron or steel with a magnet several times in the 
same direction, the molecules are arranged so that 
the piece of iron or steel becomes magnetized. 
Figure 9 shows the molecular arrangement before 
and after magnetization. A body may be magne¬ 
tized without actually touching it with a magnet; 
magnetism produced without physical contact is 
called induced magnetism. 

£l«ctromagn«tism 

In any electrical circuit, the flow of current 
'through a conductor produces a magnetic field 
around that conductor. Figure 10 illustrates the 
right-hand rule for determining the direction of 
the magnetic field produced; the thumb indicates 
the direction of current flow and the fingers indi¬ 
cate the direction of the field. If the conductor 
is coiled, the lines of force combine and the coiled 
wire becomes a magnet. Figure 11 shows such a 
coil, commonly called a solenoid. Here the mag¬ 
netic polarity is determined by grasping the coil 
in the right-hand so that the fingers indicate the 
direction of current flow; the thumb then points 
to the north pole of the coil’s field. 

With a soft iron core inserted inside the coil, the 
lines of force become more concentrated and the 
solenoid becomes an electromagnet. A magnetic 
field exists only while current flows through the 
coil; if the current flow is reversed in direction the 
magnetic polarity also reverses. The strength of 
an electromagnet depends upon the number of 
turns of wire in the coil and the quantity of current 


THIS 



Figure 8 —Three Magnets Act as One. 


BEFORE MAGNETIZATION 


CS 

amomamomamomom om earn 


AFTER MAGNETIZATION 
Figure 9 —Molecular Arrangement. 



Figure 10—Magnetic Field around Conductor. 


flowing. Above a saturation point, no increase in 
either the number of turns or the current flow will 
increase the strength of an electromagnet with a 
given core. 
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Figure 11—Magnetic Field around Coil. 

Positioning a Permanent Magnet With Electro* 
magnets. First consider a permanent bar magnet 
mounted on a pivot near an electromagnet, as in 
figure 12. When the electromagnet is not ener¬ 
gized, the bar magnet is free to turn. With a 
voltage applied to the electromagnet, the bar 
magnet assumes a position dependent on the 
polarity of the electromagnet. It can be seen 
that a given pole of the electromagnet attracts the 



unlike pole of the bar magnet. The bar magnet 
turns on the pivot to align itself so that its souti 
pole is nearest the north pole of the electromagnet 
If the electromagnet reverses polarity, the ba 
magnet will again pivot, placing the north pole 
nearest the electromagnet. 

(A) TOP ELECTROMAGNET 
HAS FULL EFFECT 



-ti 


N 





(C) ELECTROMAGNET 
POLARITY CHANGE 
CAUSES BAR MAGNET 


POSITION TO CHANGE 



Figure 12—Positioning Bar Magnet with One 
Electromagnet. 



(D) SIDE ELECTROMAGNET 
HAS FULL EFFECT 




Figure 13—Positioning Bar Magnet with Two 
Electromagnets. 
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‘ Using Two Electromagnets. Figure 13 shows 
two electromagnets placed at right angles to each 
other near the pivoted bar magnet. As the 
polarity of the applied voltage changes, the bar 
magnet assumes the indicated positions. In 
figure 13 (A) the side electromagnet is not ener¬ 
gized, and the top one has maximum effect on the 
bar magnet. In figure 13 (B) both electromagnets 
have equal effects. In figure 13 (C) the polarity 
of the voltage applied to the side electromagnet 
iias changed, and the position of the bar magnet 
has changed accordingly. In figure 13 (D) the 
top electromagnet is deenergized, and the left- 
hand electromagnet has full effect. If the supply 
voltage to one of the electromagnets is made 
variable, so that its strength may be increased or 
decreased, it is possible to position the bar magnet 
at angles other than the 45-degree intervals shown 
in figure 13. Figure 14 shows a lesser voltage 
applied to the top electromagnet, allowing the side 
.electromagnet to have more effect. This positions 



SIDE ELECTROMAGNET 
HAS GREATEST EFFECT 
ON POSITION OF BAR 
MAGNET 



Figure 14—Positioning Bar Magnet with Two 
Electromagnets of Different Strength. 



the bar magnet at some intermediate angle which, 
in this case, is 300 degrees. If the strength of each 
electromagnet is made independently variable as 
in figure 15, the bar magnet can be made to 
assume any angular position through 360 degrees, 
Using Three Electromagnets. For the 
closest approach so far to actual synchro operation, 
consider three electromagnets connected as shown 
in figure 16. If a voltage is applied between one 
coil and the other two, the bar magnet assumes 
one of the positions shown in figure 17. The bar 
magnet can also be positioned by applying a 
voltage between any two of the three coils as in 
figure 18. If a fixed voltage is applied between 
two coils, and a variable voltage to the third, as in 
figure 19, the bar magnet assumes some position 


N 



Figure 16—Bar Magnet with Three Electromagnets. 

between zero and sixty degrees, depending on the 
relative voltage amplitudes. Applying the proper 
combination of voltages to the three coils turns 
the bar magnet to any desired position. 

Using AC Instead of DC. In all previous 
examples DC voltages have been applied to the 
electromagnets. Since synchros operate on AC 
rather than DC, consider what happens if AC is 
applied to an electromagnet. In standard military 
synchros, the frequency of the AC used is usually 
either 60 or 400 cycles per second. During one 
cycle the voltage amplitude goes from zero to 
maximum positive, back to zero, then to maxi¬ 
mum negative, and finally back to zero. Since 
the polarity reverses twice during one cycle, the 
number of times the magnetic polarity reverses 
each second will be twice the excitation frequency. 
With an AC voltage applied to a coil, as in an 
electromagnet, the current does not reverse at 
exactly the same time as the voltage; however, to 
simplify the following discussions, it is assumed 
that it does. Since the polarity of an electro- 
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Figure 1 7 —Positioning Bar Magnet with Three Electro - 
magnets by Applying Voltage between One Coil 
ana the Other two. 

magnet depends on the direction of electron flow, 
the bar magnet is attracted in one direction during 
one half-cycle and in the other direction during 
the next half-cycle. Because of its inertia, the bar 


magnet cannot turn rapidly enough to follow th- 
changing magnetic field. 

If the bar magnet is replaced with an electro 
magnet the same results are accomplished as whe: 



Figure 18—Positioning Bar Magnet with Three f/ec l 
tromagnets by Applying Voltage between Two of 
the Three Coils. 
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Figure 19—Positioning Bar Magnet with Three Elec¬ 
tromagnetsi Fixed Voltage Applied to Two Coils 
and Variable Voltage Applied to Third. 


DC was used previously. In figures 20 (A) and 
20 (B), voltages applied to both coils are reversed 
at the same time, so that the magnetic fields, 
direction indicated by arrows, reverse at the same 
fcime; under these conditions the electromagnets 
are mutually attracted. In figure 20 (C) the 
connections to the coils are reversed; the lower 
magnet would turn if it were free to do so. The 



(A) MAGNETIC FIELDS 
DURING FIRST 
HALF-CYCLE 


(B) MAGNETIC FIELDS 
DURING SECOND 
HALF-CYCLE 




(Q MAGNETIC FIELDS 
EXISTING WHEN COIL 
CONNECTIONS ARE REVERSED 


(D) LOWER ELECTROMAGNET 
IS FREE TO TURN AND 
WILL POSITION 
ITSELF SO THAT 
MAGNETIC FIELDS 
GO IN SAME DIRECTION 


jf 

l 



Figure 20—Electromagnet Replaces Bar Magnet. 


lower magnet is free to turn in figure 20 (D) and 
positions itself so that the magnetic fields are all in 
the same direction. 

Phas« Relationships 

In considering two or more AC quantities, 
voltage or current, it is sometimes necessary to 
compare instantaneous polarities. If it is said 
that one voltage is positive or negative in respect 
to a reference voltage, usually zero, it means 
nothing unless the specific time is stated when that 
condition exists. For purposes of this discussion, 
it is necessary to compare only two AC voltages. 
If the voltages vary so that both are maximum 



VOLTAGE AT 
A IN 

RESPECT TO 

B 



VOLTAGE FROM 
C TO D IN 
PHASE WITH 


VOLTAGE FROM A TO B 




VOLTAGE FROM 
E TO F 180* 
OUT OF PHASE 


WITH VOLTAGE FROM A TO B 



Figure 21—Phase Relationships. 


positive at the same time and both maximum 
negative at the same time, they are referred to as 
being in phase. If one of the two voltages is 
maximum positive when the other is maximum 
negative, they are opposite in phase or 180 degrees 
out of phase. Figure 21 illustrates the relative 
phases of three AC voltages. The arrows indicate 
relative phase. 

There are other phase relationships than in 
phase and 180 degrees out of phase, but they are 
not discussed here because the AC voltages in 
synchros are either in phase or 180 degrees out of 
phase with each other. The meters shown in 
figure 21 indicate an apparently constant voltage 
rather than the actual variations shown in the 
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PRIMARY SECONDARY 



Figure 22—Basic Transformer. 


graphs. Like the bar magnet, the meter cannot 
follow the rapid changes in polarity. It is common 
practice to calibrate AC voltmeters to read the 
effective value, the value of AC voltage which 
produces the same heating effect as a constant 
DC voltage, although some meters are calibrated 
to read peak values. Only effective values are 
treated in these discussions. 

NOTE: A synchro is NOT a three-phase 
device; in three-phase devices the three 
voltages are equal in amplitude, but 120 
degrees apart in phase. 

Transformer Theory 

An AC source connected to a coil causes the 
magnetic field around the coil to fluctuate. 
Another coil placed in the vicinity of the energized 
coil as in figure 22, has an AC voltage induced in 
it. Two or more coils so arranged form a simple 
transformer. The energized winding is referred 
to as the primary and the winding in which 
voltage i3 induced is referred to as the secondary. 
The voltage induced in the secondary is dependent 
upon the transformation ratio, the voltage applied 
to the primary, and the physical orientation of 
the coils. 

Transformation Ratio and Applied Voltage. The 

ratio of the secondary voltage to the primary 
voltage is called the transformation ratio. Figure 
23 shows a transformer with a 25-turn secondary 

PRIMARY 



Figure 23—Transformation Ratio. 


and a 50-turn primary; in a perfect transformer 
this l-to-2 ratio would provide an equal trans¬ 
formation ratio, 0.5, and the secondary voltagt 
would be 57.5 volts. Losses inherent in all trans¬ 
formers require that the secondary-to-primarr 
turns ratio be greater than the transformation 
ratio. If the transformation ratio and primary 
voltage is known, multiply one by the other to 
obtain the secondary voltage. As an example, i: 
a transformer with a 115-volt primary has « 





(A) COILS (B) 45* DIFFERENCE (C) COILS AT RIGHT 
ALIGNED ANGLES 

(MAXIMUM COUPLING) „ (MINIMUM 

B f-L COUPLING) 

B /CTP 



(D) AND (E) FLUX LINKAGES REVERSED 


j - 



AB 

IN PHASl 
WITH CD 


AB 1817 
OUT 
OF PHAS 

with a 


£ PRIMARY COIL DISPLACEMENT " ** 

(F) INDUCED VOLTAGE VS. DISPLACEMENT 
Figure 24—Transformer with Rotatable Primary. 

transformation ratio of 0.78, the secondary voltap 
is approximately 90 volts. 

Physical Position of the Coils. With the pr> 
mary and secondary coils positioned so that then 
axes are parallel, maximum linkage exists, and tl 
induced voltage is maximum. The induced set 
ondary voltage will decrease if the angle betwee: 
the primary and secondary axes is changed fror. 
zero degrees. In figure 24, the primary is pivote 
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,nd the secondary is stationary. As the primary 
s turned, the secondary voltage changes. In 
igure 24 (A), the voltage from C to D is maximum 
nd in phase with the voltage from A to B. At 
5 degrees, figure 24 (B), the voltage is reduced. 
Vith the coils at right angles, figure 24 (C), no 
'oltage is induced. As the coils pass the 90 
legree relationship, figures 24 (D) and 24 (E), the 
lux linkages are reversed and the voltage from 
0 to D is 180 degrees out of phase with the voltage 
rom A to B. The graph, figure 24 (F), shows 
iiow the voltage and phase relationships change 
s the primary is rotated. The secondary could 
>e turned and the same effect produced. It does 
lot matter which winding rotates, or if both rotate; 
t is the angle between the windings which deter- 
nines the induced voltage. 

Consider a transformer with one primary coil 
nd three secondary coils connected as shown in 
igure 25. When AC is applied to the primary, 
he voltages induced in each secondary coil depend 
ipon the position of that coil in respect to the 
primary. If the primary is made rotatable, it 
nay effectively be considered a synchro trans- 
nitter. The actual principles of operation for all 
ynchros are covered in subsequent chapters. 


Operating Frequency. Transformers and syn¬ 
chros are designed for use on a specific frequency 
and should never be operated on other frequencies 
because serious damage may result. The rate at 
which the field fluctuates is determined by the 
frequency of the applied AC, and a different rate 
of change causes a change in the induced voltage 
due to changes in losses. It is of interest to note 
here that if two transformers of equal power 
handling capacity are designed to operate on 
different frequencies, the one designed for the 
higher frequency may be made the physically 
smaller of the two. 



Figure 25—Transformer with One Primary Winding 
and Three Secondary Windings. 
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Chapter 2 

UNIT CONSTRUCTION AND CHARACTERISTICS 


i 


General 

A knowledge of unit construction and character¬ 
istics will provide a better understanding of 
synchro operation. As stated previously in chap¬ 
ter 1, synchros are, in effect, transformers whose 
primary to secondary coupling may be varied by 
physically changing the relative orientation of the 
two windings. This is accomplished by mounting 
one of the windings so that it is free to rotate 
inside the other. The inner, movable, winding 
is called the rotor, and the outer, usually station¬ 
ary, winding is called the stator. The rotor 
consists of either one or three coils wound on sheet 
steel laminations. The stator normally consists 
of three coils wound in internally slotted lamina¬ 
tions. In some units the rotor is the primary and 
the stator is the secondary, in other units the 
reverse is true. 

Rotor Construction 

The laminations of the rotor core are stacked 
together and rigidly mounted on a shaft. Slip 
rings, mounted on and insulated from the shaft, 
terminate the ends of the coil or coils. Brushes 
riding on the slip rings provide electrical continuity 
during rotation and low-friction ball bearings 
permit the shaft to turn easily. In standard 
synchros, the bearings must permit rotation from 
very low speeds to speeds as high as 1200 rpm. 



BALL 

BEARINGS 


SPLINED AND 
THREADED SHAFT 


LAMINATIONS 


WINDINGS 


SLIP RINGS 


Figure 26—Salient Pole Rotor. 


The following is a description of two commo: 
type rotors. 

Salient Pole Rotor. This type of rotor, figur 
26, is frequently called a “dumb-bell” or “H ' 
rotor, because of the shape of its core laminations 
The winding consists of a single machine-wound 
coil whose axis is perpendicular to the shaft : 
When used in transmitters and receivers, the 
rotor functions as the excitation or primary 
winding of the synchro. When energized, ii 1 
becomes an electromagnet with the poles assuming ; 
opposite magnetic polarities. During one excita- k 
tion cycle, the magnetic polarity changes as shown 
in figure 27 and similar variations will occur in 
subsequent cycles. The graph indicates ampli- 
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Figure 28—Drum or Wound Rotor. 

synchro control transformers, and in some torque 
transmitters. When used in differentials, three 
coils are wound so that their axes are displaced 
from each other by 120 degrees. One end of each 
coil terminates at one of three slip rings, while the 
other ends are connected together. Synchro 
windings of this type are called “Y-connected.” 
A single coil of wire or a group of coils connected 
in series may be wound to produce either a con¬ 
centrated winding effect, for use in CT’s, or the 
»ame distributed winding effect as that of the 
salient pole rotor, for use in TX’s. 

Stator Construction 

The stator of a synchro is a cylindrical structure 
of slotted laminations on which three Y-connected 
coils are wound with their axes 120 degrees apart. 
Figure 29 shows a typical stator assembly and 
figure 30 shows a stator lamination. Control 
transformer stators differ from those of other 
synchros mainly in that the CT winding consists 
of more turns of finer wire. Stators function as the 
primary windings in differentials and control 



t 

Figure 29—-Typical Stator. 



Figure 30—Stator Lamination. 


transformers, and as the secondary windings in 
transmitters and receivers. Normally, stators 
are not connected directly to an AC source; their 
excitation is supplied by the magnetic field of a 
rotor. 

Some synchros are so constructed that both the 
stator and rotor may be turned. Connections to 
the stator are made via slip rings and brushes; in 
some units the slip rings are secured to the housing 
and the brushes turn with the stator, in other 
units the brushes are fixed and the slip rings are 
mounted on a flat insulated plate secured to the 
stator. 

Lamination Stacking 

Stator and rotor laminations are stacked so that 
the slots formed are either parallel to the rotor 
shaft centerline or displaced so that the front end 
of a slot is in a straight line with the back end of 
the preceding slot. This displacement is called 
skew, and since the slot pitch is the angular dis¬ 
tance between slot centers, the rotor or stator is 
said to be skewed one slot pitch. If the slots of 
both rotor and stator are parallel to the shaft 
centerline, the resultant flux concentrations of 
rotor and stator coils tend to make the rotor 
“slot-lock” in certain positions. Skewing changes 
the flux concentration enough to overcome this 
effect and its resultant angular errors. Either, 
but not both, rotor or stator laminations may be 
skewed. 

Unit Assembly 

The rotor is mounted so that it may turn within 
the stator. A cylindrical frame houses the as¬ 
sembled synchro. Standard synchros have an 
insulated terminal block secured to one end of the 
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housing at which the internal connections to the 
rotor and stator terminate, and to which external 
connections are made. Prestandard and special 
synchro types often have pigtail leads brought out 
from inside the unit, rather than terminals. 

Transmitters 

The conventional synchro transmitter, figure 31, 
uses a salient pole rotor and a stator with skewed 
slots. When an AC excitation voltage is applied 
to the rotor, the resultant current produces a mag¬ 
netic field as shown in figure 27. The lines of force, 


TERMINAL 

BOARD 



SHAFT SALIENT POLE ROTOR 

EXTENSION 


Figure 31—Synchro Transmitter or Receiver/ Phantom 
View. 

or flux, vary continually in amplitude and direc¬ 
tion and, by transformer action, induce voltages in 
the stator coils. The effective voltage induced in 
any stator coil depends upon the angular position 
of that coil’s axis with respect to the rotor axis. 
When the maximum coil voltage is known, the 
voltage induced at any angular displacement can 
be determined. Figure 32 shows the voltages in¬ 
duced in one stator coil as the rotor is turned to 
different positions; the rotor excitation is 115 volts, 
and the maximum coil voltage is 52 volts. 

Terminal-To-Terminal Stator Voltages. Be¬ 
cause the common connection between the stator 
coils is not accessible, it is possible to measure only 


the terminal-to-terminal voltages. When tin 
maximum terminal-to-terminal voltage is known 
the terminal-to-terminal voltages for any dis¬ 
placement can be determined. Figure 33 shows 
how these voltages vary as the rotor is turned; 
values are above the line when the terminal-to- 
terminal voltage is in phase with the Rl to R'2 
voltage and below the line when the voltage is 180 
degrees out of phase with the Rl to R2 voltage 
As an example, when the rotor is turned 50 degrees 
from the reference position, the Si to S3 voltage j 
will be about 70 volts and in phase with the Rl to ( 
R2 voltage, the S3 to S2 voltage will be about lfi 
volts also in phase with the Rl to R2 voltage, and 
the S3 to Si voltage will be about 85 volts, 180 
degrees out of phase with the Rl to R2 voltage. 
Although the curves of figure 33 resemble time- 
graphs of AC voltages, they show only the vari¬ 
ations in effective voltage amplitude and phase as 
a function of the rotor position. In a time-graph 
the horizontal axis would show time rather than 
rotor position. 

Receivers 

Torque receivers, usually called receivers, are 
electrically identical to torque transmitters of the 
same size. In some sizes of 400-cycle standard 
synchros, units are designated as torque receivers 
but may be used as either transmitters or receivers j 

Normally the receiver rotor is unrestrained 
except for brush and bearing friction. When 
power is first applied to a system, the transmitter 
position quickly changes, or if the receiver is 
switched into the system, the receiver rotor turns 
to correspond to the position of the transmitter 
rotor. This sudden motion can cause the rotor to 
oscillate, swing back and forth, around the 
synchronous position. Also, due to the similarity 
between synchros and single-phase induction 
motors, the rotor may spin if turned fast enough 
Some method of preventing excessive oscillations 
or spinning must be used. In small units a retard¬ 
ing action may be produced by a shorted winding 
on the quadrature axis, at right angles to direct 
axis. In larger units, a mechanical device known 
as an inertia damper is more effective. Several 
variations of the inertia damper are in use. One of 
the more common types consists of a heavy brass 
flywheel which is free to rotate around a bushing 
which is attached to the rotor shaft. A tension 
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spring on the bushing rubs against the flywheel so 
that they turn together during normal operation; 
if the rotor shaft turns or tends to change its speed 
or direction of rotation suddenly, the inertia of the 
damper opposes the changing condition. 


Stator Voltages Required To Position Rotor. 

Figure 33 shows both the voltages induced in the 
stator as a function of rotor position, and the 
voltages which must be applied to the stator to 
turn the rotor to a desired position. 
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Double Receivers 

There are certain applications when the readings 
on two indicator dials are to be compared or added. 
Follow-the-pointer and angle-reader dials in a 
Gun Director Train Indication System are good 
examples of such usage. 

In follow-tbe-pointer dials, two dials are 
mounted concentrically. When the indices on the 
inner and outer dials are aligned, the actual gun 
position and the gun train order are in agreement. 

The angle-reader train dials also are two con¬ 
centric dials. The outer dial is driven by a 
receiver supplied with one-speed data, and is 
graduated in 10-degree increments. The inner 
dial, driven by a receiver supplied with 36-speed 
data, is graduated in both degrees and minutes. 
The sum of the two dial readings is the actual gun 
position. 

To reduce space requirements, a housing in 
which two receivers are mounted has been de¬ 
veloped. Figure 34 is a cutaway view of the type 
2R double receiver. The receiver used to drive 
the outer dial is nearest the shaft end. The 
receiver nearest the terminal board end drives the 
inner dial. Figure 80 shows the external appear¬ 
ance of the 2R receiver. The brush caps, mounted 
between the flanges, should not be removed be¬ 
cause it is impossible to reinsert them properly 
without disassembling the unit. 

Differential Unit* 

A mechanical differential connects three shafts 
together so that the rotation of any one shaft is 
either the sum of, or the difference between, the 
rotation of the other two. Synchro differentials 
.are similar in operation. The results obtained 
by connecting differentials between other units 
of a system are covered in chapter 3. Differ¬ 
entials operate either as transmitters, one elec¬ 
trical and one mechanical input produce one 
.electrical output, or as receivers, two electrical 
inputs produce one mechanical output. In dif¬ 
ferentials, both rotor and stator windings consist 
of three Y-connected coils. Figure 35 is a 
phantom view of a typical differential. 

Differential Transmitters. Differentials may 
be used as transmitters in either torque or con¬ 
trol applications. In either use, the stator is 
normally the primary and receives its excitation 
from a torque or control transmitter, as appro¬ 


priate. The voltages appearing across the rotor 
terminals are determined by the magnetic field 
produced by the stator currents and the physical 
position of the rotor. The magnetic field created 
by the stator currents assumes an angle corre- 
ponding to that of the magnetic field in the 
transmitter supplying the excitation. If the 
rotor position changes, the voltage present at the 
rotor terminals changes. 

Differential Receivers. As torque receivers are 
previously compared to torque transmitters, so 
may torque differential receivers be compared to 
torque differential transmitters. Both rotor and 
stator receive energizing currents from torque 
transmitters. The two resultant magnetic fields 
interact and the rotor turns. The position as¬ 
sumed by the rotor depends on how the differ¬ 
ential is connected to the two transmitters; chapter 
3 shows unit connections to obtain various 
indications. 

Transformer Action. It might appear that a 
differential’s rotor and stator leads are inter¬ 
changeable, but this is not usually true. In chapter 
1, it is mentioned that the primary-to-second- 
ary turns ratio determines the primary-to-sec- 
ondary voltage ratio. The coils in differentials 
are wound so that when the axis of a rotor coil 
coincides with the axis of a stator coil, the volt¬ 
age induced in the rotor coil equals the voltage 
across the stator coil. To provide this 1 to 1 
voltage ratio after losses, the rotor must have 
more turns than the stator. If excitation is 
applied to the rotor of a differential transmitter, 
the voltage induced in the stator is less than the 
applied voltage. In differential receivers where 
both windings are energized, the differential sta¬ 
tor should be connected to the transmitter hav¬ 
ing the higher secondary current rating. If the 
transmitters are identical, the stator should be 
connected to the closest transmitter to minimize 
line losses. 

Control Transformers 

There is an ever-increasing tendency to use 
synchros as follow-up links in automatic control 
systems. Synchros alone do not possess sufficient 
torque, turning power, to rotate radar antennas 
or gun turrets; however, they can control power 
amplifying devices which can move these heavy 
loads. For such applications a control trans¬ 
former is used. Figure 36 is a phantom view of a 
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STATOR LAMINATIONS 


DRUM ROTOR WITH 
SKEWED LAMINATIONS 


SLIP RINGS 


BRUSH 


BALL BEARINGS 


Figure 35—Typical Synchro Differential. 


typical control transformer, CT, with a drum 
rotor. The windings are effectively concentrated 
in the core center. Magnetizing current is 
supplied to the stator windings from either a 
transmitter, CX or TX, or differential trans¬ 


mitter, CDX or TDX. The magnetic field created 
by the stator currents corresponds in position to 
the position of the field in the synchro supplying 
the excitation. By transformer action, a voltage 
is induced in the rotor or secondary winding. 
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STATOR DRIVE 
GEAR 

STATOR 

ROTOR 
STATOR SUP RINGS 
ROTOR SLIP RINGS 

Figure 37—Control Transformer with Rotatable Stator. 


The amplitude and phase of the induced voltage 
depends on the angular displacement of the CT 
rotor in respect to the CX, TX, CDX, or TDX 
rotor. When the two rotor positions correspond, 
the voltage across the CT rotor is minimum. The 
operation of these units is described further in 
chapter 3. 

Units With Rotatable Stator 

When the particular system design permits, 
space can be saved and the loss of accuracy 
resulting from the use of an additional differential 
can be overcome by the use of a unit having a 
rotatable stator, figure 37. Except for the rotors 
used, a control transmitter, torque receiver, or 
control differential transmitter with both windings 
rotatable would be similar in construction. 

W T hen a unit having a rotatable stator is used, 
the rotation of the stator provides the same 
modifying or correcting effect as that obtained by 
the insertion of a differential. 

Comparison of 60-cycle and 400-cycle 
Units 

There are many ways in which synchros re¬ 
semble transformers. If two transformers are 
to be made with identical power handling cap¬ 
abilities, and one is to operate on 60 cps and the 
other on 400 cps, the one for use on 400 cps will 


be physically smaller. The same can hold true 
for synchros. “Can” rather than “does” is used 
because some 400-cycle units are identical in size 
to their 60-cycle counterpart. This is done so 
that units can be physically interchanged without 
special mounting provisions. The reduction in 
physical size is due to the reduction in core size, 
less core area is required at higher frequency, 
number of primary turns, fewer turns are re 
quired at higher frequency, and number ol 
secondary turns, reduced in proportion to reduc¬ 
tion in number of primary turns. 

Synchro Characteristics 

Torque. Torque is simply a measure of hof 
much load a machine can turn. In torqu* 
synchros only small loads are turned; therefor* 
only a small amount of torque is required. Torqu* 
is expressed as the product of the force and ta< 
distance from the line of action to the center of 
rotation. In heavy machinery, torque may b* 
expressed in pound-feet, but in synchros torqm 
measurements are in ounce-inches. Consider 
arrangement in figure 38, where pulleys of differeal 
sizes are attached to a shaft. When the pulie. 
radius is one inch, the torque required to lift tb 
attached 6-ounce weight is 6 oz-in, ounce-incbcJ 
and when the pulley radius is two inches, tb 
torque required to lift the same weight is 12 oz-u 
Increasing the distance between the center < 
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T = 6.0 OZ X 2 IN* 12 QZ IN 
Figure 38 — Torque. 


placement the torque exerted is 10 times the unit 
torque gradient. 

Actual Torque Gradient is the torque gradient 
of a synchro measured when that synchro is used 
in a system. The actual torque gradient for any 
unit depends upon the number and type of units 
in a system. 

Pull-out Torque is the maximum torque which 
can be exerted by a synchro unit connected to and 
energized from a duplicate locked unit. Figure 39 
shows that the torque increases with the rotor 
displacement and reaches a maximum at 90 
degrees. The pull-out torque for this unit is 
30 ounce-inches. 

The torque developed in a synchro results from 
the tendency of two magnets to align themselves. 
Since the rotor can be turned and the stator usually 
cannot, the stator must exert a force tending to 
pull the rotor into a position where the primary 
and secondary fields are in line. The strength 
of the field produced by the stator depends on the 
current through the stator coils. Current flow in 


rotation and line of action increases the torque 
required. 

Unit Torque Gradient is the torque gradient of 
A synchro when it is connected to and energized 
from a duplicate locked unit. The curve of 
figure 39 shows the unit torque gradient for a 
particular type of synchro. When this value is 
sstablished as described below it provides a 
measure of unit performance independent of how 
the synchro is used. 

The curve of figure 39 was plotted as follows: 
two torque receivers were connected in parallel 
with one rotor fixed in place and the other free to 
turn; a special pulley was attached to the shaft of 
'.he unit under test and weights were suspended 
from the rim of the pulley; the weights turned the 
pulley and rotor shaft, increasing the weight 
mspended increased the amount the shaft turned; 
he amount of weight suspended and the corre- 
jponding shaft displacements were recorded and 
he curve was plotted. A portion of the curve is 
uibstantially linear and the slope of this linear 
portion is known as the torque gradient. Within 
he normal limits of displacement, up to about 
10 or 20 degrees, the torque gradient, expressed 
n ounce-inches per degree, oz-in/deg, provides an 
sasy way of determining the torque produced by 
he rotor shaft. For example, at 10-degrees dis- 
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Figure 39—Measuring Unit Torque Gradient. 
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the stator coils depends in turn upon the impedance 
of the coils. Since the current flow determines the 
magnetic field strength, and the field strength 
determines the torque, it follows that the unit 
torque gradient of a synchro is inversely propor¬ 
tional to the stator coil impedance. 

Accuracy also is affected by the torque gradient. 
In a system consisting of a transmitter driving a 
receiver, friction always causes the receiver rotor 
to lag slightly behind the transmitter rotor. A 
higher torque gradient means that a smaller lag 
produces enough torque to overcome this friction. 

Torque Transmitter Load Capacities. One 
transmitter may be used to drive a number of 
receivers connected in parallel, provided that the 
transmitter stator can supply the current necessary 
to operate all the receivers. If identical receivers 
are equally loaded, the approximate torque of each 
receiver can be determined by the formula: 


Tr'= 


2R 

N + R 


Tr 


Where: 

Tr' is the torque gradient of the receiver in the 
system 

Tr is the unit torque gradient of the receiver 

Tt 

R is the torque gradient ratio ~r 


Tt is the unit torque gradient of the transmitter 
N is the number of identical receivers 
Using this formula, a graph can be plotted which 
applies to any situation where a transmitter drives 
a number of equally loaded receivers. Figure 40 
shows such a graph. Suppose that a number of 
type 15TR4a receivers are to be driven by a type 
3lTX4a transmitter. First, determine the ratio 
between the two unit torque gradients: 

3lTX4a Unit Torque Gradient 0.67 
15TR4a Unit Torque Gradient 0.17 a PP rox - 

Then locate the ratio 4 along the bottom of the 
graph; going up along the vertical line, curves for 
various numbers of receivers are crossed. If four 
receivers are operated from the transmitter the 
actual torque gradient is equivalent to the unit 
torque gradient. If only two receivers are used, 
the actual torque gradient is 1.35 times the unit 
torque gradient. It is apparent from the graph 
that one of three conditions exists; 


1. If the torque gradient ratio equals the num 
her of receivers, the unit and actual torque 
gradients are equal. 

2. If the torque gradient ratio exceeds the 
number of receivers, the actual torque gradient 
of the receivers exceeds the unit torque gradien 

3. If the torque gradient ratio is less than t 
number of receivers, the actual torque gradient 
is also less than the unit torque gradient. 

The actual load capacity of any unit depends 
on several factors which cannot be readily sum¬ 
marized in tabular form. Increasing the load 
a unit increases the current demand, resulting 
a higher operating temperature. To dete 
accurately the load capacity we must know 
maximum permissible operating temperature 
the driving unit, the quantity and type of drill 
units, ami the mechanical loads upon the driver 
units. 

Operating voltages. Standard and Navy pit 
standard synchros are designed for use on eithi 
115 volts or 26 volts. The operating voltage 
stated on the synchro nameplate. 

Operating Temperature. Standard synchro 
are required to sustain no damage while operatin 
or standing in an ambient temperature of 
degrees Centigrade -1-77 degrees Centigrade. Pui 
standard Navy synchros were required to opera# 
between —25° C and -H85 degrees Centigrade 
When a unit is energized, but not loaded, its tem¬ 
perature should not rise above certain speci 
limits. 
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Figure 40—Estimating Actual Torque Gradient. 
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UNIT CONSTRUCTION AND CHARACTERISTICS 


Electrical Error and Static Accuracy. For every 
physical position of a synchro rotor there is a 
corresponding electrical position. Any difference 
between actual physical position and electrical 
position is known as electrical error; sometimes 
the electrical error is called static accuracy. For 
differentials, the error is measured for both rotor 
and stator. This error is usually expressed as a 
maximum number of minutes, 60 minutes equals 
one degree. 

Receiver Error. The difference between the 
position transmitted by a TX or TDX and the 
position assumed by a TR or TDR is known as 
receiver error. In measuring receiver error, the 
TR or TDR is connected to a transmitter, or 
transmitters, of equal size. This error is also ex¬ 
pressed in minutes. 

Synchronizing Time. In a torque system, the 
josition of the TR rotor corresponding to that of 
he TX rotor is known as the synchronous position. 
The period of time required for a receiver or 
iifferential receiver to assume and hold the 
ivnchronous position is called the synchronizing 
ime. The standard method of determining 
.ynchronizing time is to connect the unit under 
*st, terminal-to-terminal, to an identical unit 
ocked on electrical zero, then measuring time 
squired for the test unit rotor to synchronize 
rom displacements of 30- and 175-degrees. 

Operating Speed. All standard synchros must 
# capable of operation at 1200 rpm continuously 
or 1000 hours without external axial load. Pre- 
•tandard navy synchros are classed either as low 
peed or high speed. Low speed units must be 
apable of operating continuously for 500 hours 
it 300 rpm. High-speed units must be capable of 
otating at 1200 rmp continuously for 1500 hours. 

Minimum Voltage and Fundamental Com¬ 
ment. If the rotor of a TX is at either 0 or 180 
legrees, the S1-S3 terminal voltage theoretically 
'ill be zero, figure 33. This is based on the as- 
.umption that the unit is so constructed that the 
»1 and S3 windings are exactly identical and have 
qual and opposite voltages induced in them; 
inits this perfect are seldom found. Figure 33 
iso shows that the S1-S2 voltage is zero when the 
otor is at 120 or 300 degrees, and that the S2-S3 
oltage is zero when the rotor is at 60 or 240 
-iegrees. These six null headings are obtainable 
Q differentials and control transformers by 
horting two stator leads together, applying 78 


volts, 10.2 volts for 26-volt synchros, between the 
two shorted terminals and the unshorted one, and 
reading the voltage across the rotor terminals, the 
null position depends on which two stator leads are 
shorted together. Although the null voltage 
seldom falls to zero, it must fall below certain 
specified values. The minimum voltage, as read 
on an electronic voltmeter, will be the sum of the 
fundamental component and its harmonics, mul¬ 
tiples of excitation frequency. By using a filter, 
the harmonics can be eliminated and the funda¬ 
mental component measured; this value also must 
fall below a specified maximum. The value of 
the null voltage is of major importance in control 
synchro systems where the system output is used 
to actuate a servo. 

In a control system, the CT minimum-output or 
null position is determined by the signal applied 
to its stator, and may occur at any heading. 
Chapter 3 contains additional information about 
the null voltage of a CT. 

CT Voltage Gradient. Figure 76 shows the 
output voltage of a CT. The slope of this curve 
from 0 to 10 degrees is called the voltage gradient 
and is expressed in volts-per-degree, v/deg. 

Rotor Position. In speaking of synchro units 
and systems the rotor position is referred to as an 
angle of so many degrees, minutes, or seconds. 
Since it is not always stated what this angle is 
measured in respect to, a few standard definitions 
are listed here. 

Electrical Zero. Electrical Zero is the standard 
position to which all angular displacements are 
referred. In chapter 6 electrical zero is defined 
for various types of synchros. 

Angular Position. Angular position of a syn¬ 
chro is the counterclockwise angular displacement 
of its rotor from the electrical zero position as 
viewed from the shaft extension end of the syn¬ 
chro. 

Direction of Rotation. Direction of rotation, 
clockwise or counterclockwise, is determined while 
facing tlie emergent shaft end of the synchro. 

For proper wiring of synchros, see figure 41. 
The phase rotation of the ship’s wiring is in the 
order IMBl, I\1B2, IMB3. For counterclock¬ 
wise rotation of the synchro when viewed from the 
shaft end, the stator windings SI, S2, S3 should 
be connected respectively to IMBl, IMB2, IMB3 
of the terminal board of the unit enclosure. For 
clockwise rotation, the Si and S3 leads are inter- 
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SHIPfe WIRING 



Figure 41—Connections for Clockwise Rotating Synchro. 


changed in the unit enclosure between the syn¬ 
chro and the unit terminal board. 

Increasing Reading. An increasing reading is 
being sent to a synchro when the numerical value 
of the information transmitted increases. 

Sp««d of Synchro Units and Systems 

Quite often synchros are referred to as 1-speed 
or 2-speed synchros, and a synchro system is 
referred to as a single-speed or dual-speed system. 
Since a 2-speed synchro is not the same as a dual¬ 
speed synchro system, these terms of reference are 
defined in an effort to avoid confusion. 

Data Transmission Speeds. The gyro-compass 
aboard most naval vessels is located below deck 
near the center of gravity. Gyro-compass infor¬ 
mation, showing the ship’s course, must be trans¬ 
mitted to various compass repeaters. In 1-speed 
data transmission a synchro transmitter rotor is 
geared to the gyro-compass so that one revolution 


of the rotor corresponds to one revolution of thj 
gyro-compass. Further, in 36-speed data Irani 
mission the transmitter rotor is geared to tui^ 
through 36 revolutions for one revolution of til 
gyro-compass. Simply, the speed of data traoi 
mission is the number of times a synchro tram 
mitter rotor must turn to transmit a full ranged 
values. Units transmitting data at one speed ait 
frequently called 1-speed synchros, a unit tram 
mitting data at 36-speed would be a 36-sp<* 
synchro, and so forth. 

System Speeds. It is quite common to tram 
mit the same data at two different speeds. R* 
ferring again to the gyro-compass, own-ship't 
course data is commonly transmitted at 1 -spee^ 
and 36-speed. A system where data is Irani 
mitted at two different speeds is called a dual d 
double speed system. Usually a dual sp«j 
system will be referred to bv the speeds involved 
for example “1- and 36-speed system.” 
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To summarize, the speed of data transmission 
is referred to as 1-speed, 2-speed, 36-speed or 
some definite numerical ratio. To indicate the 
number of speeds at which data is transmitted, 
speak of a single-speed or dual-speed transmission 
system. 

What Speed Should Be Used. It is obvious 
that if data can be transmitted at different speeds, 
of if the same data is transferred at different 
speeds, there must be certain advantages and dis¬ 
advantages to the various methods. 

If the data to be transmitted covers only a small 
range of values a single-speed system is normally 
accurate enough. For example, if a device moves 
only 6 inches and the transmitter rotor which is 
geared to it turns through 360 degrees, a total 
error of one degree in the transmitter and the 
receiver it is connected to, causes an error of 
0.01666 inches in the indicated position. For 


Thus, in 36-speed data transmission, we have one 
correct position and 35 incorrect positions. 

For accurate transmission without loss of self- 
synchronous operation a dual-speed system is used. 
The 1-speed dial is graduated through 360 degrees 
and the 36-speed dial through 10 degrees. If both 
dials are read, a more accurate bearing indication 
is obtained. A variation of the above in common 
use employs two control transformers in place of 
the torque receivers. When the error, difference 
in position of transmitter and control transformer 
rotors, exceeds a certain value, the 1-speed synchro 
takes control and reduces the error to a small value. 
The 36-speed synchro then takes control and in¬ 
creases the accuracy. 

Synchro Capacitors 

It is stated in chapter 1 that, in AC circuits, the 
current through a coil does not reverse at the same 


TOTAL CURRENT 1 AMP 



MAGNETIZING 
CURRENT 
0.99 AMP 


Figure 42—Coil Currents. 


quantities without definite reference values, such 
as increasing range or bearing, a single speed 
system may be made as accurate as desired. 
Greater accuracy is also possible bv using higher 
speeds of data transmission, such as 36-speed; 
however, in such an arrangement the self-syn¬ 
chronous feature of the 1-speed system is lost. 
Suppose that while the primary power to the 
system is interrupted the transmitter rotor is 
turned; when power is again applied to the 
system the transmitter and receiver rotor shafts 
are in corresponding positions, but an indicator 
coupled to the receiver rotor shaft may not show 
the actual position of the device geared to the 
transmitter. The number of positions in which 
the transmitter and receiver rotor shafts can 
correspond is the same as the transmission speed. 


time as the applied voltage. The current reversal 
occurs after, or lags, the voltage by an amount of 
time determined by the coil impedance. When a 
differential or control transformer is connected to 
a transmitter, the transmitter must supply the 
stator currents to the other synchro. The total 
current supplied is the sum of two lesser currents, 
(1) the loss current, in phase with the applied 
voltage, which supplies the heat loss in the wind¬ 
ings and laminations, and (2) the magnetizing 
current, lagging the applied voltage by 90 degrees, 
which produces the magnetic field. Figure 42 
shows the relationship of these currents and the 
equivalent circuit of the coil. 

Because the currents are not in phase, the 
effective value of the actual current is less than 
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WHERE: W IS THE ACTUAL POWER AS 

MEASURED BY THE WATTMETER 
V IS THE INDICATED VOLTAGE 
A IS THE INDICATED CURRENT 

IN THE ILLUSTRATION: 

POWER FACTOR = 1( fl x ~ 0 0 2 X 10 °* = 5051 
Figure 43 —Power Factor. 

the sum of the two effective values. By the same 
token, the effective power of a circuit in which the 
voltage and current are out of phase is less than 
the volt-ampere product. As an example, in 
figure 43 the wattmeter indicates that the power 
supplied to the coil is one watt, while the volt- 
ampere product is two volt-amperes. As illus¬ 


trated, power factor is normally expressed as a 
percentage; it cannot exceed 100%. 

The current drawn by a coil can be reduced by 
connecting a capacitor across it. In a capacitor, 
the current leads the applied voltage. In figure 44, 
the capacitor used draws a current equal to the 
magnetizing current of the coil. The two out-of- , 
phase currents cancel, and the actual current is 
only the loss current. 

A synchro capacitor consists of three equal delta- 
connected capacitors. If these capacitors are . 
connected in parallel with the stator windings of a 
synchro differential or control transformer, the 
stator current drawn from the transmitter is re¬ 
duced so that under no-load conditions the trans¬ 
mitter supplies only synchro loss current. 

The capacitor should be mounted as close as 
possible to the control transformer or differential 
with which it is used; high currents in long lead 
runs increase the transmitter load and reduce the 
system accuracy. 

Capacitors should never be connected in parallel 
with the stator leads of a transmitter and receiver. 
The stator currents are zero when the rotors cor¬ 
respond and the addition of a capacitor would 
increase the current flow and reduce the accuracy. 
Figure 45 shows a typical use of synchro capacitors 
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TOTAL COIL TOTAL 

CURRENT CURRENT CURRENT 



Figure 44—Effect of Capacitor on Coil Currents. 



TRANSMITTER SUPPLIES EXCITATION 
CURRENTS FOR BOTH UNITS 


CAPACITOR MOUNTED CAPACITOR MOUNTED 

CLOSE TO TDX CLOSE TO CT 



CAPACITORS REDUCE LOAD ON TRANSMITTER 
Figure 45—Use of Synchro Capacitors. 
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Chapter 3 

SYNCHROS IN ACTION 


Synchro Systems 

Synchros are seldom used singly. They work 
in teams and, when two or more synchros are 
interconnected to work together, they form a 
synchro system. Such a system may, depend¬ 
ing on the types and arrangement of its compo¬ 
nents, be put to uses which vary from positioning 
a sensitive indicator to controlling the motors 
which move a gun turret weighing many tons. 
If the synchro system provides a mechanical out¬ 
put which does the actual positioning, as in the 
case of the indicator, it is a torque system. If 
it provides an electrical output which is used 
only to control the power which does the mechan¬ 
ical work, it is a control system. Control syn¬ 
chros are usually part of a larger system called 
a servo, automatic control, system. In many 
cases, the same system is called upon to perform 
both torque and control functions. 

Torque Synchro Systems 

The individual synchros which make up a 
torque system are designed to meet the demands 
placed on them by the mechanical load which 
such a system is expected to handle. 

Transmitter and Receiver. The simplest 
synchro system consists of one torque transmit¬ 
ter and one torque receiver connected in parallel, 
figure 46. 

It should be emphasized that the chief differ¬ 
ence between the transmitter and the receiver is 


one of function. The transmitter is the unit' 
whose shaft is turned; the receiver is the unit! 
whose shaft follows. The two are not always' 
interchangeable. They are electrically identical, 
but the receiver usually has an inertia damper 
and certain other refinements not present in the. 
transmitter. In the following examples, forces 
equal and opposite to those turning the receiver 
rotor are present in the transmitter but do not 
affect its rotor position because the rotor is not 
free to turn. In practice, the transmitter rotor 
is mechanically connected, usually by gears, to 
the mechanism furnishing the information to be 
transmitted. 

The outstanding characteristic of the transmit¬ 
ter-receiver system is that, as soon as both rotors 
are connected in parallel to the same AC source, 
the receiver rotor assumes and holds the same 
electrical position as the transmitter rotor. Unless 
the transmitters and receivers are energized from 
the same AC source, the system cannot function 
properly. If the latter is positioned at 0 degrees, 
the receiver rotor turns to and remains at 0 
degrees. If the transmitter is turned to 30 
degrees, the receiver turns with it to 30 degrees 

Rotors in Corresponding Positions. Con¬ 
sider first the conditions existing in the trans¬ 
mitter-receiver system shown in figure 47. Both 
transmitter and receiver rotors are at 0 degrees. In 
the transmitter, a maximum voltage of 52 volts, 
is induced in the S2 coil by the alternating mag- 
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Figure 47—Internal Conditions in TX-TR System with Rotors in Correspondence. 


netic field of the rotor coil because the coupling 
between these two coils is maximum at 0 degrees. 
The Si and S3 coils are so wound that at 0 degrees 
the induced voltage across each coil is 26 volts, 
in phase with the S2 voltage, but less than max¬ 
imum because Si and S3 are less closely coupled 
to the rotor in this position. Since the receiver 
is electrically identical to the transmitter and 
the two rotors are connected in parallel, the volt¬ 
age induced in each receiver stator coil exactly 
equals that of the corresponding transmitter sta¬ 
tor coil. Notice, however, that in each case it 
also opposes the transmitter coil’s voltage. The 
transmitter and receiver are like two AC genera¬ 
tors producing equal voltages but working against 
each other. No current can flow in the transmit¬ 
ter through Si and S2, or S3 and S2, because in 
the receiver equal and opposite voltages across 
Si and S2, and across S3 and S2, oppose the 
current flow. In each complete electrical stator 
circuit of the system the sum of the voltages is 


zero, no current flows in the stator coils to estab¬ 
lish a magnetic field, and therefore no force is 
exerted on the rotors. 

The fact that the rotors in this example are 
at electrical zero is not important. Similar static 
conditions result from any angular rotor position 
so long as it is the same for both rotors. 

Rotors Not in Corresponding Positions. 
Assume now that the transmitter rotor is suddenly 
turned to 30 degrees. The induced voltages 
across S2 and across S3 immediately drop because 
coupling to the rotor has been decreased. In¬ 
creased coupling increases the voltage across Si. 
The balance between transmitter and receiver 
stator voltages has been destroyed, and current 
flows in each stator circuit in direct proportion to 
the voltage unbalance existing in that circuit, as 
shown in figure 48. 

To understand how this affects the receiver 
rotor, examine the magnetic polarities established 
in the system at a particular instant such as that 



Figure 48—Internal Conditions in TX-TR System with Rotors not in Correspondence. 
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Figure 49—Magnetic Polarities at a Particular Instant with TX Rotor at 30° and TR Rotor at 0°. 


assumed in figure 49. Here it can be seen that in 
the receiver each stator is acting as an electro¬ 
magnet to turn the rotor in a counterclockwise 
direction. Since the rotor is free to move, it 
rotates to 30 degrees. At this point it again 
induces stator voltages equal to those of the 
transmitter, current stops flowing in the stator 
coils, and their magnetic fields collapse. 

The same general idea works in any case where 
the two rotors are in different positions, regardless 
of what those individual positions may be. 
Figure 50 shows how the stator voltages and 
currents behave if the transmitter rotor is turned 
to 120 degrees while the receiver rotor is held at 
60 degrees. 

Here coupling of the two rotors to correspond¬ 
ing stator coils differs more than in the previous 


case. The unbalanced voltages are therefore 
greater, and more stator current flows. As a 
result, the magnetic pull tending to turn the two 
shafts to identical positions is stronger than before. 

Figure 51 shows the magnetic polarities existing 
at a particular instant for this difference in rotor 
positions. 

Reversing Direction of Receiver Rotation. 
When the teeth of two mechanical gears are 
meshed, the gears turn in opposite directions. 
If a third gear is added, it turns in the same 
direction as the first. This is important Here 
because synchro torque receivers are often co- 
nected through a train of mechanical gears to the 
device which they operate, and whether or not 
force is applied to the device in the same direction 
as that in which the receiver rotor turns depends 



Figure 50 —Internal Conditions in TX-TR System with TX Rotor at 120° and TR Rotor at 60°. 
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on whether the number of gears in the train is odd 
or even. 

The important thing, of course, is to move the 
dial or other device in the right direction, and 
even when there are no gears involved, this may 
be opposite to the direction in which the receiver 
rotor of a normally connected system would turn. 

Either of these two factors, and sometimes a 
combination of both, may make it necessary to 
have the transmitter turn the receiver rotor in a 
direction opposite to that of it’s own rotor. This 
is accomplished by reversing the Si and S3 
connections of the transmitter-receiver system, 
so that Si of the transmitter is connected to S3 of 
the receiver and vice-versa. 

With both rotors at 0 degrees, conditions within 
the system remain the same as with normal stator 
connections, since the rotor coupling to Si and S3 
is equal. But suppose that the transmitter rotor 
is turned counterclockwise to 60 degrees, figure 52. 


In the transmitter, maximum rotor coupling 
induces maximum voltage across Si, which causes 
maximum current to flow through S3 in the 
receiver. The magnetic forces produced turns 
the receiver rotor clockwise into line with S3, the 
rotor’s 300-degree position, at which point the 
rotor again induces voltages in its stator coils 
which equal those of the transmitter coils to which 
they are connected. Notice that only the direction 
of rotation changes, not the amount; 300 degrees 
is the same as minus 60 degrees. 

For another example of this principle, observe 
the polarities in figure 49, where the transmitter 
rotor of a normally connected system is turned to 
30 degrees. Notice, in this case, that in the re¬ 
ceiver it is the polarities of Si and S3 which de¬ 
termine the direction of rotation. Notice also 
that these polarities are reversed if the Si and S3 
connections are reversed. The receiver rotor then 
turns in the opposite direction, inducing stator 



Figure 52—Effect of Reversing 51 and S3 Connections between TX and TR. 
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voltages to balance out those of the transmitter 
when it reaches the 330-degree, minus 30-degree, 
position. 

It is important to emphasize here that the Si 
and S3 connections are the only ones ever inter¬ 
changed in a standard synchro system. Since 
S2 represents electrical zero, changing the S2 lead 
would introduce 120-degree errors in heading. 

Stator Currents. Whenever the rotors of two 
interconnected synchros are in different positions, 
current flows in the stator windings. The strength 
of the current flowing in each stator lead depends 
on the difference between the voltages induced 
in the two coils to which that lead connects. This 
voltage unbalance, in turn, depends on two things: 
(1) the actual positions of the rotors, and (2) the 
difference between the two positions. 

To observe the effect of the latter, suppose that 
an ammeter is inserted in any one of the stator 
leads, the S2 lead for example, and that the two 
rotors are held so that there is a constant dif¬ 
ference between their positions while they are 
rotated together until a point is found at which 
the ammeter indicates maximum stator current. 
If the difference between rotor positions is then 
increased and the rotation repeated, a different 
maximum reading is obtained. Each time the 
difference between rotor positions is changed, the 
maximum stator current that can be obtained by 


varying actual rotor positions is changed. Figure 
53 is a graph showing how the value of this maxi¬ 
mum stator current depends on the difference 
between rotor positions in a typical case. 

Note that, in practical operation, the position 
of the receiver’s shaft would never be more than 
a degree or so away from the transmitter’s, 90 
that maximum stator current under normal con¬ 
ditions would be less than one tenth of an ampere 
for the synchros used in this example. 

To see how the actual rotor positions, as well 
as the difference between them, affect stator 
currents, it is only necessary to compare the 
maximum stator current in each lead with the 
strength of the current in that lead as the two 
rotors are turned through 360 degrees, maintain¬ 
ing the difference in rotor position with which the 
maximum stator current was established. 

The graphs in figure 54 show how the current 
in each of the three stator leads depends on the 
mean shaft position, the position that is halfway 
between the position of the transmitter rotor and 
that of the receiver. 

Rotor Currents. A synchro transmitter or 
receiver acts like a transformer, and an increase 
in the stator, secondary, current results in a cor¬ 
responding increase in the rotor, primary, current. 
When the rotor current of either of the units is 
plotted on a graph under the same conditions as 



Figure 53—Effect of Rotor Position Difference on Maximum Stator Current. 


32 


Digitized by Kj ooQle 



SYNCHROS IN ACTION 


NOTES; 

ALL CURRENTS ARE RMS VALUE 
CURRENTS SHOWN ABOVE THE 0 LINE ARE IN PHASE 
WITH SI CURRENT AT 0• 

CURRENTS SHOWN BELOW THE 0 LINE ARE I80 - OUT 
OF PHASE WITH SI CURRENT AT O* 





Figurt 54—Effect of Actual Rotor Position on Individual Stator Current. 


those used for maximum stator currents, it ap¬ 
pears as shown in figure 55. 

Although all three stator currents are zero when 
the shafts are in the same positions, the rotor 
current is not. As in any transformer, the pri- 
draws some current with no load on the 


secondary. This current produces magnetization 
of the rotor and supplies its losses. 

Why There Is No Torque at 180 Degrees. 
Since the stator current increases with the differ¬ 
ence in rotor position, and since the magnetic 
fields of the stators increase in strength with the 
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DIFFERENCE BETWEEN TX AND TR SHAFT POSITIONS 
Figure 55 —Effect of Rotor Position Difference on Rotor Current. 


stator current, it appears the torque or turning 
force exerted by the receiver’s shaft should be 
greatest when the transmitter and receiver rotors 
are 180 degrees apart, but exactly the opposite 
is true. Under these circumstances the torque is 
zero. To understand this, first consider the current 
conditions in the synchro system shown in figure 
56. 


Since all the voltages aid each other, strong 
currents flow in all three stator leads. If the two 
units are the same size, the currents are the same 
as those which would flow if the three stator leads 
were shorted together. 

Obviously, these strong currents produce power¬ 
ful magnetic forces. To see why no torque results, 
consider the polarities existing in the system at the 



Figure 56—Internal Conditions in TX-TR System when TX and TR Rotors are 180° Apart. 
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figure 57 —Magnetic Polarities at a Particular Instant when TX and TR Rotors are 180° Apart. 


ftrticukr instant assumed in figure 57. As 
powerful as they are, the forces exerted on the 
rotor work against each other in such a way that 
Iheir effects are equal and opposite. The result¬ 
ing torque is zero. In actual situations, the two 
tofts do not stay in these positions unless held 
tore. The slightest displacement of either one 
destroys the balance, and they are rapidly brought 
nto corresponding positions. 

Torque Synchro Systems Containing Differential 
Uiito. The demands on a synchro system are not 
*lways so simple as the positioning of an indicating 
device in response to the information received from 
1 single source. For example, an error detector 
*ed in checking fire control equipment employs 
i synchro system to determine the error in a gun 
torret’s position with respect to the training order 
applied by a dummy director. To do this, the 
tfDchro system must accept two signals, one con- 
toning the'training order and the other giving the 
ton-et’s actual position. The system must then 
tompare the two and position an indicator to 
tow the difference between them, which is the 
*ror. 

Obviously, the simple synchro transmitter- 
teceiver systems considered up to this point could 
tot handle a job of this sort. A different type of 
tynchro is needed, one which can accept two 
>wition-data signals simultaneously, add or sub¬ 
let the data, and furnish an output proportional 
to the sum or difference which it finds. 

This is where the synchro differential comes into 


the picture, because a differential can perform all 
three of these functions. 

Differential Units. Synchro differential units 
are discussed briefly in chapter 2. The stator of a 
differential is similar to that of the simple trans¬ 
mitters and receivers discussed in preceding sec¬ 
tions of this chapter, but the rotor is totally differ¬ 
ent. It is wound with three coils instead of one. 

It is assumed in the schematic diagrams of 
synchro differentials that the three rotor coils turn 
around an A axis in the center of the diagram, the 
electrical position of the rotor being shown by the 
arrow on the R2 lead. If AC current is flowing in 
either the stator or rotor coils, the voltages in¬ 
duced in the other group depends on the position 
of the rotor, since this determines how closely the 
coils are coupled to one another. If all circuits 
are complete, currents flow in both rotor and 
stator coils, and these currents generate individual 
magnetic fields around each coil, the strength and 
direction of the magnetic field being determined 
by the strength and direction of the current flow 
in the coil. 

Resultant Magnetic Fields in a Trans¬ 
mitter and Differential Transmitter. 
Thorough analysis of the interaction of a synchro 
system’s magnetic fields is extremely complex, but 
the over-all effect is relatively simple. When 
current flows in the stator coils of any synchro, 
individual magnetic fields are produced around 
each coil. Lenz’s law states that when current is 
flowing as the result of an induced voltage, the 
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magnetic field which the current produces opposes 
the magnetic field which induced the voltage. In 
a synchro transmitter, the stator voltages are 
induced by the fluctuating magnetic field of the 
rotor. The individual magnetic fields around the 
stator coils therefore oppose the field of the rotor, 
and the stator coils are so wound and positioned 
that the individual fields combine to produce a 
resultant stator field which is opposite to the field 
of the rotor. 

Now assume that the stator leads of a TX, 
torque transmitter, are connected to the cor¬ 
responding stator leads of a TDX, torque differ¬ 
ential transmitter, as in figure 5S. The resultant 
stator field, shown by open arrow, produced in 
the TX directly opposes the TX rotor field, shown 
by solid arrow; since corresponding stator coils of 
the two units are in series, for example, S2 of the 


duces the same effect in the TR as turning the 
rotor of a TX in previous examples. 

Before considering such an arrangement, how¬ 
ever, it must be made clear that the controlling 
relationship in the TDX is the position of the 
TDX stator field with respect to the rotor, not 
with respect to the TDX stator. Suppose that 
the TX rotor in the previous example is turned 
to 75 degrees, and the TDX rotor to 30 degrees, 
figure 59. The TDX stator field is now positioned 
at 75 degrees with respect to S2, but the angle at 
which it cuts the TDX rotor is 45 degrees, using 
the R2 axis as a reference. This is the angle 
which determines the signal which the TDX 
transmits. Notice that turning the TDX roto? 
30 degrees counterclockwise decreased the angle 
between the TDX stator field and R2 by that 
amount. 



TX is in series with S2 of the TDX, the current 
flow produces a resultant stator field of equal 
strength in the TDX. However, currents in 
corresponding stator coils of the TDX are opposite 
in direction. The direction of the stator field 
in the TDX is therefore opposite to the direction 
of the TX stator field, but identical to the direc¬ 
tion of the TX rotor field. 

The TDX rotor coils are angularly spaced 120 
degrees apart, in the same manner as the TX 
stator coils. The TDX stator field is identical 
to the TX rotor field, neglecting small circuit 
losses. The result is that the TDX stator field 
acts upon the TDX rotor just as the TX rotor 
field acts upon the TX stator. If the stators of a 
TR, torque receiver, are connected to correspond¬ 
ing rotor coils of the TDX, rotating the stator 
field of the TDX with respect to the rotor pro- 


How the Differential Transmitter Sub¬ 
tracts. The manner in which the torque system 
containing a TDX subtracts one input from, a) 
adds it to, the other can be figuratively describee 
as the positioning of magnetic fields.* Figure 6( 
shows such a system connected for subtraction 
A mechanical input of 75 degrees is applied to th< 
TX and converted to an electrical signal which tht 
TX transmits to the TDX stator. The TDX sub 
tracts its own mechanical input from this signal 
and transmits the result to the TR, which provide 
the torque system’s mechanical output in thi 
position of its rotor. 

To understand how this result is accomplished 
consider first conditions in a TX-TDX-TR system 
when the TX and TDX rotors are turned to ( 
degrees, figure 61. 

It has been shown how torque is developed ini 
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synchro receiver to bring its rotor into a position 
which corresponds to that of an associated trans¬ 
mitter. In the TX-TDX-TR system, now being 
considered, the TDX stator field has taken the 
place of the TX rotor, as far as the TR is con¬ 
cerned; and the TDX rotor has taken the place of 
the TX stator. The TR rotor therefore follows 
the angular position of the TDX stator field with 
respect to R2 of the TDX. Since this is 0 degrees, 
the TR rotor turns to that position, and the sys¬ 
tem has solved the equation 0 degrees —degrees 
=0 degrees. 

In figure 61, the directions of the TDX rotor 
field and the TR stator and rotor fields are also 
indicated. Theoretically, when the system is in 
perfect balance, the TDX rotor voltages equal 
and oppose the TR stator voltages, so that no 
current flows in these circuits. Actually, there is 


Assume next that a 75-degree input is applied to 
the system by turning the TX rotor to the 75- 
degree position, figure 62. The TDX stator field 
follows, and since the TDX rotor is at 0 degrees, 
it also induces a 75-degree signal which the TDX 
rotor transmits to the TR. The TR rotor ac¬ 
cordingly turns to 75 degrees, and furnishes the 
system’8 mechanical output. This illustrates an 
important rule: 

Whenever the TDX rotor is at 0 degrees, the 
input and output voltages of the TDX are equal, 
and nothing is subtracted from or added to the 
TX signal. The TR rotor follows the TX rotoi 
exactly. In the present case, the system ha* 
solved the equation 75 degrees—0 degrees=7‘ 
degrees. 

The actual subtracting function of the TDX 
becomes more apparent when its own rotor i 



Figure 62—Effect of Turning TX Rotor in TX-TDX-TR System Connected for Subtraction. 


usually a slight unbalance in rotor positions due to 
friction in the TR, even under static conditions, 
and weak magnetic fields are generated. The 
purpose of the arrows is to indicate the directions 
which the various magnetic fields assume as they 
swing into position. Notice that a voltage un¬ 
balance between the TDX rotor and the TR 
stator produces a TDX rotor field which opposes 
the TDX stator field, while the torque produced 
in the TR turns that rotor field so that it lines up 
with the TR stator field when the system comes 
into balance. This does not contradict Lenz’s 
law, because the TR rotor is separately excited 
and its field is not the result of voltages induced 
by the TR stator field. Whenever two inde¬ 
pendent magnetic fields are in close proximity, 
they immediately align themselves if either is free 
to move. 


turned to 30 degrees, figure 63. The TDX state: 
field remains at 75 degrees, controlled by tb 
position of the TX rotor; but its angular positioi 
with respect to R2 is decreased by 30 degrees 
The signal induced in the TDX rotor and trans 
mitted to the TR is 45 degrees, the TDX havini 
subtracted the amount which its own rotor i 
turned from the signal transmitted by the TX 
The equation solved now reads 75 degrees-31 
degrees=45 degrees. 

The TX-TDX-TR system treats a clockwis 
rotation of the TDX rotor as a negative valut 
Suppose the TDX rotor is now turned froD 
0 degrees clockwise to 330 degrees with the T3 
rotor still at 75 degrees, figure 64. The rotatio* 
is, in effect, through an angle of minus 30 degree* 
which is the amount that the TDX subtracts fron 
the signal transmitted by the TX. The angl 
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Figure 63—Effect of Turning TDX Rotor in TX-TDX-TR System Connected for Subtraction. 



figure 64—Effect of Turning TDX Rotor Clockwise in a TX-TDX-TR System Connected for Subtraction. 


between the TDX stator field and R2 is increased 
to 105 degrees, and this is the signal transmitted 
to the TR, whose rotor turns to a corresponding 
position, 75 degrees—30 degrees = 105 degrees. 

How the Differential Transmitter Adds. 
frequently it is necessary to set up a TX-TDX-TR 
Ifstem for addition. This is done by reversing 
fre Si and S3 leads between the TX and TDX 
tatore, and the Rl and R3 leads between the 
FOX rotor and the TR. With these connections 
fr* system behaves as illustrated in figure 65. 
Fhe 75- and 30-degree mechanical inputs applied 
bspectively to the rotor of the TX and the rotor 

the TDX are added and transmitted to the 
FR, whose rotor provides an output equal to their 
tom by turning to 105 degrees. 

The reason for this behavior lies in the effect 
f the individual stator fields on the resultant 
tator fields of both the TX and the TDX. 
insider what happens when the TX rotor is 
tomed to 75 degrees while the TDX is set at 
1 degrees, figure 66. In the TX, with the rotor 


at 75 degrees, increased coupling between the rotor 
and Si increases the current in, and consequently 
the magnetic field around, that coil while the field 
strengths of S2 and S3 decrease proportionately. 
This causes the resultant field of the TX stators 
to rotate counterclockwise, remaining directly 
opposed to the rotor field. The system is now 
connected so that the increased current in Si of 
the TX flows through S3 of the TDX, while 
decreased currents flow through Si and S2. In 
the TDX, therefore, the strong field around S3 
has a greater effect on the resultant stator field, 
which rotates 75 degrees clockwise. 

However, the Rl and R3 leads between the 
TDX and the TR also are reversed. Just as in 
the simple TX-TR system with Si and S3 leads 
interchanged, torque is developed in the TR which 
turns the rotor in a direction opposite to the rota¬ 
tion of the TDX stator field. Thus, the TX- 
TDX-TR system connected for addition behaves 
in the same way as the system connected for 
subtraction as long as the TDX rotor is at 0 
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INPUT INPUT 



Figure 65—Addition with TDX. 



Figure 66—Effect of Turning TX Rotor in TX-TDX-TR System Connected for Addition. 

TX ROTOR I TDX ROTOR I TR ROTOR TURNS I 

nu ™ I r»N w rn irw* 



Figure 67—Effect of Turning TDX Rotor in TX-TDX-TR System Connected for Addition. 


degrees. The TR rotor follows the TX rotor TR, the TDX adds the amount its own rotor turn; 
exactly. The Differential Receiver. As previousl 

When the TDX rotor is turned to 30 degrees, explained, the differential receiver differs chief! 

figure 67, the angle between, the TDX stator field from the differential transmitter in its applicatioi 

and R2 is increased by that amount. This appears The TDX in each of the previous examples con 

to the TR as an additional rotation of the TDX bined its own input with the signal from a synch] 

stator field. In transmitting the TX signal to the transmitter and transmitted the sum or different 
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to a synchro receiver, which provided the system’s 
mechanical output. In the case of the differential 
receiver in a torque system, the differential unit 
itself provides the system’s mechanical output, 
usually as the sum or difference of the electrical 
signals received from two synchro transmitters. 
Figure 68 illustrates this operation in a system 
consisting of two TX’s and a TDR, torque 
differential receiver, interconnected for subtrac¬ 
tion. 

How the Differential Receiver Subtracts. 
In considering the operation of the TDR, it is im¬ 
portant to remember that its rotor currents do not 
flow as a direct result of the rotor voltages induced 
by the fluctuating stator field, but only as the 
result of an unbalance between these induced 


voltages and the induced stator voltages of the 
TX to which the TDR rotor is connected. When 
the rotor of this TX is turned, its stator voltages 
are changed, and current flows in both the TX 
stator and TDR rotor coils. The TDR rotor 
field established by these currents rotates in the 
same direction, with respect to R2, as the TX 
rotor. Unless the rotor of the TX connected to 
the TDR stator is turned by an equal amount, 
the TDR rotor and stator fields are displaced 
with respect to each other, and a strong magnetic 
torque immediately operates to bring the two 
fields back into alignment. Since the TDR rotor 
is free to move, it rotates accordingly, restores the 
voltage balance in the TDR rotor circuits, and 
reduces current flow to a low value. Figure 69 



Figure 68 —Subtraction with TDR. 


Figure 69—Effect of Turning Both TX Rotors in TX-TDR-TX System Connected for Subtraction. 
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shows how this works in a system connected for 
subtraction when the TDR rotor is initially at 0 
degrees, and the rotors of the two TX’s are 
rotated from 0 degrees to 75 degrees and 30 
degrees as shown. 

The signal from the TX connected to the TDR 
stator rotates the resultant stator field 75 degrees 
counterclockwise. In a similar manner, the 
signal from the other TX to the TDR rotor also 
rotates the resultant rotor field counterclockwise 
30 degrees with respect to R2. However, since 
the two resultant fields are not rotated by equal 
amounts, torque is developed to bring them into 
alignment. The rotor therefore turns to 45 
degrees, at which point the two fields are aligned. 
To bring its resultant field into alignment, the 
TDR rotor need only be turned through an angle 
equal to the difference between the signals supplied 
by the two TX’s. This is the requirement of the 
system. 


How the Differential Receiver Adds. To 
set up the system just considered for addition of - 
the inputs to the two TX’s, it is only necessary - 
to reverse the Rl and R3 leads between the TDR 
rotor and the TX to which it is connected. With 
these connections reversed, the system operates as 1 
shown in figure 70. 

Figure 71 illustrates how resultant magnetic 
fields are positioned to produce this result, again 
assuming that the TDR rotor is initially at 0 
degrees, while the two TX rotors are turned from 
0 degrees to 75 degrees and 30 degrees as shown. 

The TDR stator field still rotates counterclock¬ 
wise 75 degrees, but because of the reversed Rl 
and R3 connections of the TDR rotor, the rotor 
field rotates 30 degrees clockwise. The angular 
displacement of the two fields with respect to each 
other, then, is the sum of the signals transmitted 
by the two TX’s; and the magnetic force pulling 



Figure 70 —Addition with TDR. 
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the TDR rotor field into alignment with that of 
tie stator turns the TDR rotor to 105 degrees. 

Rules for Connecting a Differential Unit. 
By interchanging various connections between a 
differential unit and the two synchros with which 
it is associated, it is possible to obtain several 
different relationships between the shaft positions 
of the three units. All the connections which may 
be used in a standard synchro system are shown 
in figure 72, with the corresponding relationship 
between shaft positions. It is not necessary here 
to specify which units are transmitters and which 
are receivers, since this varies with the application 


CONNECTIONS 


of the system. This does not affect the relation¬ 
ship of the shaft positions, however. 

Factors that Affect the Accuracy of a Torque 
Synchro System. The accuracy of a synchro 
system is probably its most important character¬ 
istic. Torque system accuracy is determined by 
how closely the system’s output shaft approaches 
the position indicated by the system’s input or 
inputs. In such a system, perfect accuracy is 
never obtained. Regardless of how carefully re¬ 
ceivers are constructed, electrical error and an 
error due to friction and load, called receiver error, 
is always present. A small but measurable amount 
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of torque is required to overcome this friction; 
and when a receiver rotor is in perfect alignment 
with the signal applied to its stators, no torque is 
produced. The receiver lags slightly before pro¬ 
ducing enough torque to overcome brush and 
bearing friction and this lag is present as an error 
in any torque system. 

Simple Torque Systems. In a torque system 
consisting of one transmitter and one receiver, two 
important factors must be considered to obtain 
maximum accuracy: (1) the friction on the shaft 
of the receiver must be reduced to an absolute 
minimum; (2) the torque gradient of the receiver 
must be relatively high with respect to its com¬ 
bined friction and load, so that a very small lag 
produces sufficient torque to overcome both. 

To satisfy the first requirement, the ball bear¬ 
ings used on synchro receivers are selected with 
extreme care and factory-lubricated according 
to strict military specifications. It is interesting 
to note that friction on the shaft of a transmitter 
does not affect the accuracy of the system itself, 
but only increases the power required to turn the 
equipment to which it is geared. This does not 
mean that transmitter friction is unimportant, 
because the drag which a synchro system places 
on associated equipment is always a factor to be 
considered; but the requirements concerning the 
mechanical tolerances and lubrication of a trans¬ 
mitter are less severe. 

To satisfy the second requirement, both the 
transmitter and receiver must be large enough to 
meet the needs of the system. The impedance of 
synchro stator windings increases as the size of 
the units decreases. If either or both units used 
in a system are too small, the high impedance of 
the stator windings reduces the stator current 
flow produced by a small lag, and thus reduces 
the receiver’s torque gradient. 

Torque Systems Involving a Number of 
Receivers. In a torque system where either a 
TX or TDX drives several receivers, the accuracy 
with which each receiver follows the position-data 
signal applied to its stators is determined by the 
following factors: 

1. The friction and load on the shaft of that 
receiver. 

2. The friction and loads on the shafts of all 
the other receivers. If any one of the receivers is 
excessively loaded, or if it becomes jammed, the 
accuracy of the whole system is affected. 


3. The unit torque gradient of the transmitter 
as related to the number and size of the receivers 
it is driving. If too many receivers are connected 
to a particular transmitter, its output voltages are 
reduced and an excessive overall lag is produced 
in the system. This is discussed in chapter 2. 

Control Synchro Systems 

The comparatively small mechanical output of 
a torque synchro system is suitable only for very 
light loads; and even when it is not heavily loaded, 
a torque system is never entirely accurate. The 
receiver rotor requires a slight amount of torque 
to overcome its static friction, and this torque 
can only be produced by a small error in the sys¬ 
tem. Torque systems place a drag on associated 
equipment, which affects their accuracy. 

When larger amounts of power and a higher de¬ 
gree of accuracy are required as in the training 
mechanism of a heavy radar antenna, torque 
synchro systems give way to control synchros used 
as components of servo systems. Synchros con¬ 
trol, servos provide power. 

The Control Transformer. The distinguishing 
unit of any synchro control system is the control 
transformer, CT, described in chapter 2. Re¬ 
member that the CT is a synchro designed to 
supply, from its rotor terminals, an AC voltage 
with magnitude and phase dependent on its rotor 
position and on the signal applied to the three 
stator windings. The behavior of the CT in a 
system differs from that of the synchro units 
previously considered in several important respects. 

Since the rotor winding is never connected to 
the AC supply, it induces no voltages in the stator 
coils. As a result, the CT stator currents are 
determined only by the voltages applied to the 
high impedance windings. The rotor itself is 
wound so that rotor position has very little effect 
on the stator currents. Also there is never any 
appreciable current flowing in the rotor because its 
output voltage is always applied to a high im¬ 
pedance load, 10,000 ohms or more. Therefore, 
the rotor does not turn to any particular position 
when voltages are applied to the stators. The 
rotor shaft of a CT is always turned by an ex¬ 
ternal force, and produces varying output voltages 
from its rotor winding. Like synchro transmitters, 
the CT requires no inertia damper; but unlike 
either transmitters or receivers, rotor coupling to 
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$2 is minimum when the CT is at electrical zero, 
see figure 4. 

Relationship of the Stator Voltages in a 
CT to the Resultant Magnetic Field. When 
current flows in the stator circuits of a CT, a 
resultant magnetic field is produced. This result¬ 
ant field can be rotated by the signal from a syn¬ 
chro transmitter or synchro differential trans¬ 
mitter in the same manner as the resultant stator 
field of the TDX previously considered. When 
the resultant field of the CT stator is at right angles 
to the magnetic axis of the rotor, the voltage in¬ 
duced in the rotor is zero. When the resultant 
field and the rotor’s magnetic axes are aligned, the 
induced rotor voltage is maximum. Since no op¬ 
posing voltages are induced in the stator of the 
CT, the effective strength of the resultant field is 
constant, regardless of its position. The strengths 
of the individual fields which make it up, however, 
my with the current in the individual stator 
coils, and therefore with the individual stator volt- 
ages. This means that the phase and magnitude 
of the stator voltages determine the directioq of 
the resultant magnetic field. Since the CT’s out¬ 
put is expressed in volts, it is convenient to con¬ 
sider its operation in terms of stator voltages as 
well as in terms of the position of the resultant 
magnetic field, but it should be remembered that 
it is the angular position of this fluctuating mag¬ 
netic field with respect to the rotor axis that de¬ 
termines the output of the CT. 

Operation of the Control Transformer 
With a Synchro Transmitter. Consider the 
conditions existing in the system shown in figure 
'3, where a CT is connected for operation with a 
CX, control transmitter, and the rotors of both 
units are positioned at 0 degrees. The relative 
phases of the individual stator voltages with 


respect to the Rl to R2 voltage of the transmitter 
are indicated by the small arrows. The resultant 
stator field of the CT is shown in the same manner 
as for the TDX. With both rotors in the same 
position, the CT stator field is at right angles to 
the magnetic axis of the rotor coil. Since no 
voltage is induced in a coil by an alternating 
magnetic field perpendicular to its axis, the output 
voltage appearing across the rotor terminals of the 
CT is zero. 

Now assume that the CT rotor is turned to 90 
degrees, figure 74, while the CX rotor remains at 
0 degrees. Since the CT’s rotor position does not 
affect stator voltages or currents, the resultant 
stator field of the CT remains aligned with S2. 
The axis of the rotor coil is now in alignment with 
the stator field. Maximum voltage, approximately 
55 volts, is induced in the coil and appears across 
the rotor terminals as the output of the CT. 

Next, assume the CX rotor is turned to 180 
degrees, figure 75. The electrical positions of the 
CX and CT are 90 degrees apart, the CT stator 
field and rotor axes are aligned, and the CT’s out¬ 
put is maximum again, but the direction of the 
rotor’s winding is now reversed with respect to 
the direction of the stator field. The phase of the 
output voltage is therefore opposite to that of the 
CT in the preceding example. This means that 
the phase of the CT’s output voltage indicates the 
direction in which the CT rotor is displaced with 
respect to the position-data signal applied to its 
stators. 

It is evident that the CT’s output can be varied 
by rotating either its rotor or the position-data 
signal applied to its stators. It can also be seen 
that the magnitude and phase of the output 
depend on the relationship between signal and 
rotor rather than on the actual position of either. 


i 



Figure 73—Conditions in CX-CT System vrith Rotors in Correspondence. 
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Figure 74—Conditions in CX-CT System with CX Rotor at 0° and CT Rotor at 90°. 


sz 



The graphs in figure 76 illustrate the difference in 
the CT output when the CT rotor is first rotated 
through 360 degrees with the CX rotor at 0 
degrees, and with the CX rotor at 90 degrees. 

The important points to remember about the 
operation of a CT are these: (1) When the CT’s 
rotor is in the same electrical position as the 
position-data signal applied to its stator, that is, 
in the same position as the resultant stator field, 
the electrical output of the unit is zero. (2) When 
displacement with respect to each other is less 
than 90 degrees, any change in the angular 
relationship between the rotor and the position- 
data signal produces a corresponding change in 
the magnitude of the CT’s output. (3) The 
direction of CT rotor displacement with respect 
to the position-data signal is always indicated by 
the phase of the CT’s output voltage. 

As indicated in figure 76, the electrical output of 
the CT is also zero when the rotor is displaced 
with respect to the position-data signal by 180 
degrees. It is therefore necessary to identify the 
CT rotor position at which 0 volts indicates 
agreement with the signal. In the case of the 


simple CX-CT combination, this is done by the 
phases of the two rotor voltages. If the CX and, 
CT rotors are in the same position, the CT rotor 
voltage is zero; turning the rotor slightly counter¬ 
clockwise from the “0 volt” position produces a 
voltage from R1 to R2 on the CT that is in phase 
with the voltage from Rl to R2 on the CX. 

In practical applications of the CT, its rotor is 
positioned for proper operation in a particular 
system by one of the zeroing procedures described 
in chapter 5. Consideration of the servo systems 
discussed in following sections of this chapter also 
show that a 180 degree displacement of the CT 
rotor can usually be detected in the behavior of 
the system’s output. 

Errors in Control Synchro Systems. Three 
factors which produce errors in control systems 
are electrical error, errors inherent in control 
transformers, and errors resulting from the use of 
torque and control units in the same system. 

Electrical Error. As defined in chapter 2, 
the difference between the actual physical position 
and the electrical position of a synchro is known 
as electrical error. Consider a control system 
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Figure 76—CT Output Voltage. 


IN PHASE WITH 
R1 TO R2 
VOLTAGE OF CX 


OUT OF PHASE 
WITH R1 TO R2 
VOLTAGE OF CX 


consisting of a control transmitter and a control 
transformer. If the CX and CT each have an 
electrical error of 12 minutes, the total possible 
electrical error is 24 minutes or nearly half of one 
degree. Adding a control differential transmitter 
haring an electrical error for rotor and stator of 
10 minutes each to this system, the total error 
increases to a possible 44 minutes or about % of a 
degree. The effect of such an error depends on 
the use of the particular system. In a gun 
training system, a %- or 1-degree error becomes 
more pronounced at increased distances. The 
fact that synchro transmitters, differential trans- 
mitterB, and control transformers are driven does 
not make them free from electrical errors. Manu¬ 
facturing irregularities in the windings and the 
‘t'agnetic structure are inherent in all synchros. 

Ekror8 of Control Transformers. In a 
®®ple CX-CT system, it usually is assumed that 
the null position for the CT rotor always occurs 
w hen the axes of the CX and CT rotors are at 
90 degrees displacement; however, this is seldom 
true. As an example, if a CX and CT are so 
Positioned that the CT output is minimum and 
then the CX rotor is turned exactly 15 degrees, 


the CT rotor usually must be turned slightly 
more or less than 15 degrees to again obtain a 
null reading. Note that a null or minimum 
reading, rather than a zero reading, has been 
specified. The voltage output of a CT never 
becomes zero, but generally, at correspondence, 
falls as low as 50-125 millivolts for 115-volt syn¬ 
chros. Also, the null voltage obtained varies as 
the CX rotor positioned is varied. It is usual 
practice in a servo for the system to operate in 
such a manner that the CT output is a null; it 
should be obvious, therefore, that any variation 
in the position at which a null is obtained is 
reflected as an error in the entire system. Cor¬ 
rective measures also must be taken to compen¬ 
sate for phase shift, in a servo. The impedance 
of the synchro windings causes the CT voltage to 
lead the CX supply voltage. 

In a system where more than one control trans¬ 
former is used, if the drive to one of the control 
transformers is inoperative, that CT may intro¬ 
duce error into the system which increases as the 
angle between its correct and actual position 
increases. 

When control transformers are rotated at high 
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speeds an additional error, known as speed error, 
may be introduced. The null voltage position 
of the control transformer no longer occurs when 
the CT rotates in synchronism with the transmit¬ 
ter, but occurs when the CT rotor is at an angle 
to its correct synchronous position. The angle 
depends upon the speed of rotation, and usually 
lags behind that obtained under static conditions. 
As the number of CT’s in a system increases, the 
speed error is apt to increase. Also, the speed 
error for a given speed is comparatively larger 
for a smaller size transmitter. Considering CT’s 
of the same size and rotating at the same speed, 
the speed error is normally less for 400-cycle 
units than for 60-cycle units. Corrective devices 
are used to compensate for speed error. 

Use of Torque and Control Units in Same 
System. Many systems use both torque and 
control units; however, the use of torque units 
in a control system should be avoided where 
accuracy is of prime importance. 

In addition to electrical error, TR’s and TDK’s 
are subject to receiver error, difference between 
position assumed by TR or TDR and position trans¬ 
mitted by TX, which often is as great as one 
degree. Receiver error affects the electrical out¬ 
put of the transmitter so that the electrical signal 
heading on the synchro bus differs from the actual 
transmitter position. Receiver error, also called 
position error, is caused by brush and bearing 
friction and the actual receiver load. Any increase 
in friction or load on a TR or TDR, or adding 
more TR’s or TDK’s to the system, increases 
the resultant bus error. Smaller receivers, sizes 
11, 15, and 16, have such a low torque gradient 
value that, as lubricant deteriorates with use and 
bearings become dirty, the receiver error increases. 
Receivers also are subject to oscillations, and 
irregular or excessive oscillations are reflected as 
an additional bus error. When torque and con¬ 
trol units are used in the same system, excitation 
must be supplied by a torque transmitter rather 
than a control transmitter. 

Servo Systemc Using Synchros 

A servo, servo system, or servomechanism, the 
three terms mean the same thing, is an automatic 
control device widely used in the navy and dis¬ 
tinguished by several special characteristics de¬ 
scribed here. There are many different types of 
servo systems, and not all of these use synchros. 


This book, however, is primarily concerned with 
those which do. 

As previously indicated, the purpose of servo 
systems in which control synchros are used is to 
supply larger amounts of power and a greater 
degree of accuracy than is possible with synchros 
alone. Another equally important characteristic 
of the servo is its ability to apply this power 
automatically, at the proper time, and to the 
degree regulated by the need at each particular 
moment. All the system requires to perform the 
specific task for which it is designed is an order ; 
defining the desired result. When such an order ■ 
is received, the servo compares the desired result 
with existing conditions, determines the require¬ 
ment, and applies power accordingly, automati¬ 
cally correcting for any tendency toward error 
which occurs during the process. 

To function in this manner a servo system must 
meet five basic requirements: 

1. It must be able to accept an input order 
defining the desired result and translate this order 
into usable form. 

2. It must feed back, from its output, data 
concerning the existing conditions over which it 
exercises control. 

3. It must compare this data with the desired 
result expressed by the input order and generate ■ 
an error signal proportional to any difference 
which this comparison shows. 

4. It must, in response to such an error signal, 
issue the proper correcting order to change existing 
conditions to those required. 

5. It must adequately carry out its own correct¬ 
ing order. 

It follows from these requirements that any 
servo system is made up, at least in part, of certain 
fundamental components. In functional terms 
the components normally found in a servo system 
using synchros are identified as a data input device, 
a data output device, an amplifier, a power control 
device, a drive motor, and a feedback device. 

Servo Terminology. In addition to those al¬ 
ready mentioned, a number of specialized terms 
are used in connection with servo systems. The 
more common of these are defined here: 

Open-Cycle Control. Open-cycle control of 
a servo system means actuation of the servo solely 
by means of the input data, the feedback device 
being either removed or disabled. It should be 
clearly understood here that any mechanism must 
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include a feedback provision in order to be classi- 
lied as a servo; but in testing certain servo char¬ 
acteristics, an open-cycle control is often useful. 

! Under such conditions the elements involved are 
■ frequently referred to as an open servo loop. 

| Closed-Cycle Control. Closed-cycle control 
' refers to normal actuation of the system by the 
' difference between input and output data, with 
1 the feedback device operative. 

I Continuous Control. Continuous control is 
used to describe uninterrupted operation of the 
servo system on its load, regardless of the smallness 
of the error. All systems considered in this book 
•'xercise continuous control, however, there are 
systems which do not. 

Deviation. The deviation or error of a servo 
is the difference between input and output. 

I Error Signal. The error signal or error volt- 
&ee is the corrective signal developed in the system 
by & difference between input and output. 

! Instrument Servos, Power Servos. Instru¬ 
ment servos and power servos are designations used 
to classify servo-mechanisms according to their 
power output. An instrument servo is one rated 
»t less than 100 watts maximum continuous 
output. A servo whose rating exceeds this amount 
is a power servo. 

Classification of Servos by Use. A convenient 
classification of servo systems can be made in 
accordance with their uses, the most common of 
diich are as position servos or as velocity servos. 
The position servo is used to control the position 
of its load and is designed so that its output moves 
'be load to the position indicated by the input. 
The velocity servo is used to move its load at a 
*peed determined by the input to the system. 

Many servo systems cannot be fitted into either 
category. For example, a third type of servo is 
used to control the acceleration rather than the 
velocity of its load; and special applications of the 
different types are used for calculating purposes, 
'be servo making a desired computation from 
Mechanical or electrical information and delivering 
’he answer in the form of mechanical motion, an 
electrical signal, or both. 

Position Servo. A position servo is defined 
15 one in which the input order indicates a position 
>n which the load is to be placed. Figure 77 shows 
'be basic operation of a typical position servo 
*hich has wide application in navy equipment. 
The load, in this case, is a gun turret. The over¬ 


all purpose of the system is to train the gun by 
means of a remote hand crank. The load is 
mechanically coupled through a gear train to the 
rotor of a CT in such a manner that the turret’s 
position is always accurately represented by the 
position of the rotor. An order signal expressing 
the desired position of the load is fed into the 
servo by positioning the rotor of the CX. A cor¬ 
responding position-data signal immediately ap¬ 
pears across the CT stator. When this signal 
differs from the actual position of the load, an 
AC error voltage is developed across the CT 
rotor. The phase of the error voltage is dependent 
on the angular direction in which the load must 
be moved to agree with the order signal. 

The amplifier retains this phase distinction, and 
feeds the amplified signal to the power control 
device where it is converted into power with a 
polarity or phase relationship which drives the 
motor in the direction necessary to bring the load 
into the desired position. As the load moves, 
mechanical feedback coupling turns the CT rotor 
toward agreement with the position-data signal. 
As the load approaches the proper position, there¬ 
fore, less and less power is supplied to the motor 
because of the decreasing error voltage developed 
in the CT. The error voltage reaches zero and 
power is cut off from the motor when the electrical 
position of the CT rotor agrees with the position- 
data signal across the stator. 

In an actual system, the momentum of the load 
tends to carry it past the desired position, and a 
new error voltage is developed to drive it back. 
If unchecked, this action results in hunting, oscil¬ 
lation of the load around the desired position. 
In most servos an electronic network, known as 
an anti-hunt system, is used to minimize this 
undesirable effect. 

Servo System Ratings. Servo systems are 
qualitatively rated in accordance with the follow¬ 
ing characteristics: 

Static Error. The angular lag between the 
input and output under static conditions. A low 
figure is desirable. 

Static Error Under Load. The angular lag 
produced between input and output by applying 
a specific torque to the output. A low figure is 
desirable. 

Velocity Figure of Merit. This figure is 
obtained by dividing the velocity of the output, 
expressed in degrees per second, by the angular 
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lag between output and input, expressed in de¬ 
grees, when the system is moving its load at a 
constant speed. It indicates how quickly the 
system responds to a constant input. A high 
figure is desirable. 

Damping Constant. This is related to the 
transient response of a servo. An overdamped 
servo is sluggish and usually responds to a change 
without overshooting. A slightly underdamped 
servo usually gives a quick response to a change 
with only moderate overshoot and practically 


no oscillation. A greatly underdamped servo 
usually will overshoot badly and oscillate for 
some time after a change in position is called for. ■! 
The slightly underdamped case is usually desired. 

Acceleration Figure of Merit. The ratio 
between a constant acceleration of the system, 
expressed in degrees per second, and the angular 
lag between output and input, expressed in de¬ 
grees. A high figure indicates system ability to 
follow an increasing or decreasing input accurately 
and rapidly. 
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Chapter 4 

MILITARY SYNCHRO TYPES 


It is common practice to speak of a synchro as 
and 18TR6, 16CTB4a, 5DG, etc. These num- 
bers and letters identify a synchro by size and 
function. The two most commonly used type 
designation codes are described here, and the 
various types of synchros used by the Armed 
Services are listed in tabular form. 

j Th«•Military Standard Type Designation 
Code 

This current and most easily understood method 
of identifying units leaves no doubt as to outside 
diameter, function, or operating frequency. Con¬ 
ner the 18TR6 and 16TB4a mentioned above. 
The first two digits indicate the diameter of the 
synchro in tenths of an inch, or to the next higher 
tenth. Thus, an actual dimension of 1.75 inches 
becomes 18. The first letter indicates the general 
function of the unit: 

C for control 

T for torque 

The next letters indicate the specific function 
of the synchro, as follows: 


Letter 

Definition 

D 

Differential 

R 

Receiver 

T 

Transformer 

X 

Transmitter 


The letter B following the preceding letters indi- 
rat€a that the synchro has a rotatable stator 

binding. 

The number after the letters stands for the 
operating frequency: 

6 for 60-cyde AC supply 

1 for 400-cycle AC supply 

The lower case letter is the modification designa¬ 


tion. Successive modifications are in alphabetical 
order, a, b, c, etc. 

Thus, the 18TR6 is a torque receiver for use on 
60-cycle excitation and has a diameter of between 
1.71- and 1.80-inches, actually 1.75 for this unit. 
The 16CTB4a is a control transformer having a 
rotatable stator, and is between 1.51- and 1.60- 
inches in diameter; the lower case a indicates that 
this is the first modification of the basic unit. 

Type designations for all standard synchros are 
assigned in accordance with this code. Synchros 
for use on 26-volt excitation are classified in the 
same way, except that the symbol 26V is prefixed 
to the type designation. 

Navy Prastandard Typ« Designation 
Code 

The Navy’s prestandard code provides, by 
letter and number, a means of easily identifying 
a synchro by size and function. Unlike the 
previously mentioned code, the first number does 
not readily indicate the unit diameter. However, 
the first number does indicate relative size, the 
size increasing with the number. 

The five common sizes are : 


Size 

Approx. 

Approx. 

Approx. 


Diameter 

Length 

Weight 

1 

2 % in. 

4 in. 

2 lbs. 

3 

3Mo in. 

5H in. 

3 lbs. 

5 

3tf to 3K in. 

6H in. 

5 lbs. 

6 

4>4 in. 

7 in. 

8 lbs. 

7 

5 % in. 

9 in. 

18 lbs. 


Note that prestandard size 1 is approximately 
the same size as a standard size 23, prestandard 
size 3 is approximately the same size as a standard 
size 31, and prestandard size 5 is approximately 
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SIZE 11 


SIZE 15 


SIZE 37 


SIZE 31 


SIZE 16 


SIZE 23 


SIZE 18 


SIZE 19 


Figure 78—Standard Synchro Sizes; Approximately One-Half Actual Size. 
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SIZE 3 


SIZE 5 



SIZE 1 






SIZE 7 SIZE 6 

Figure 79—Navy Prestandard Synchro Sizes; Approximately One-Half Actual Size. 
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the s&me size as a standard size 37. The letters 
indicate the function, mounting, or special char¬ 
acteristics as follows: 


Letter 

Definition 

G 

Transmitter 

F 

Flange mounted receiver, this letter is normally 
omitted if letters other than H or 8 occur in 
type designation 

D 

Differential Receiver 

DG 

Differential Transmitter 

CT 

Control Transformer 

H 

High 8peed Unit 

B 

Bearing Mounted Unit 

N 

Nossle Mounted Unit 

8 

8pecial Unit 


Standard Synchros 

Synchros which conform to construction, accu¬ 
racy, and other specified requirements which are 
uniform throughout the Armed Services, are known 
as standardized or standard synchros. Tables 2 
through 5 list the standard types currently in use. 
Figure 78 shows eight actual units, arranged to 
show a comparison of their size. 


Prosftandard Navy Synchros 

The synchros which fall into this group should 
not be used in new equipment. They are called 
prestandard only because they were originally 
made to meet navy, rather than service-wide, 
requirements. Figure 79 shows five actual units, 
arranged by size, and figure 80 shows a type 2R 
double receiver. 

The characteristic values for the various types 
of synchros listed in the following tables are to be 
considered only as typical values and should not 
be used for design purposes. The applicable 
specifications should be reviewed for design 
information. 



Figure 80—Type 2R Double Receiver/ Approximately 
One-Half Actual Size. 
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Table 2—Standard Synchro Transmitters 


MILITARY SYNCHRO TYPES 
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Type Designation 

Primary Voltage (Nominal) 

Energizing Current (milliamps) 
(max) 

Energizing Power (watts) (max) 

Transformation Ratio ±2% 

No Load Temp. Rise (° C) (max) 

Electrical Error (minutes) (max) 

Minimum Voltage (millivolts) 
(max) 

Fundamental Component (milli¬ 
volts) (max) 

Torque Gradient (oz-in/deg) 
(min) 

Friction Torque (oz-in) at room 
temp, (max) 

L 

w 

J 

3 

V 

5 

c 

a 

** 

GO 

1 

02 

o 

Si 

o a- 
£52 

Stator DC Resistance (ohms) 
(approx) 
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Type Designation 

Primary Voltage (Nominal) 

Energizing Current (milliamps) (max) 

Energizing Power (watts) (max) 

Transformation Ratio ±2% 

No load Temp. Rise (°C) (max) 

Electrical Error (minutes) (max) 

Receiver Error (minutes) (max) 

Synchronizing Time (seconds) 34° (max) 

Synchronizing Time (seconds) 179° 
(max) 

Torque Gradient (oz-in/deg) (min) 

Rotor DC Resistance (ohms) (approx) 

Stator DC Resistance (ohms) (approx) 


56 


Digitized by ^.ooQie 







MILITARY SYNCHRO TYPES 


B9xaxie 


Btxaxie 


B maxie 


*tHaxsz 


*9xaxes 


«*xaxez 


§ 


B 9xaoez 


$ 


**xaoez 


^axao6i 


«*xax8i 


«*xao8i 


**axao9i 


**xaxsi 


s 


«*xaosi 


*^xaon-A92 


2 

O 

H 

C 

2 

2 

CO 

w 

Q 

W 

a. 

H 


St 

S 

!s 'm 
60 2 
aJ £ 

a 

a 


a 


£ 

a> 

3 


■3 _ 

•| s 

15 S 

V —' 

3 


a 


£ 

£ *■ 

1 1. 


a 

£ 

3 


i s 

11 

a 


£ 

H 

be 

q 


c 

o o 
Je * 

S 1 

>. 

co 


£ 

H 

6C 

C 

1 

o -c - 

L. * 

J3 «8 

03 


a] 

'a 

N 

o 

01 _ 
= *• 
O' 93 

c & 

.2 E 
.2 H 
a 


o _ 

Q 1 

2 1 


f§ 


470487 O—58 


57 


Digitized by 


Google 


(approx) _ I 

•This unit is suitable tor use as 26V-11TDX4a. 











OP 1303 (FIRST REVISION) 



58 


Digitized by v^,ooQLe 







MILITARY SYNCHRO TYPES 


Table 6—Prestandard Synchro Transmitters 


Type Designation 

1G 

1HG 

3G 

3HG 

5G 

5HG 

6G 

6HG 

7G 

7HG 

tonary Voltage (Nominal) 


m 

115 

115 

115 

KTgiiing Current (milliamps) (max) 


^00 

600 

1300 


bogiiing Power (watte) (max) 

4. 8 

133 

7 

15 

22 

wndary Peak (min) 

88. 2 

88 2 

88 2 

88 2 

88 2 

Voltage Limits (max) 

91. 8 

91. 8 

91. 8 

91. 8 

91. 8 

io Load Temp. Rise (° C) (max) 

50 

50 

50 

50 

50 

tetrical Error (minutes) (max) 

18 

18 

18 

18 

18 

rque Gradient (os-in/deg) (min) 

0. 06 

0. 25 

0. 40 

1. 2 

3. 4 

fction Torque (oi-in) (approx) 

a 25 


0. 5 

1. 5 

8 5 

tor DC Resistance (ohms) (approx) 

100 

29 

12 

mmn 

2.0 

ttor DC Resistance (ohms) (approx) 

150 

40 

24 

4. 8 

2.0 

with Normal Accuracy 

one 1CT, 

IF, or 5CT 

1 

four 5F’s, nine 
lF’s, fourteen 
5CT’s or lCT’s 

nine 5F’s, eight- 
teen lF’s, thirty 
5CT’s or lCT’s 

eighteen 5F’s 
thirty-six lF’s, 
sixty 5CT’s or 
lCT’s 

•ondary Load Current (milliamperes) 
(max) 

40 


350 

700 

1500 
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Table 7—Preatandard Synchro Receivers 


Type Designation 

IF 

1HF 

3F 

3HF 

3B 

5F 

5HF 

5B 

5N 

5SB 

5SN 

2R 

37TR '• 
37TR6& 

Primary Voltage (Nominal) 

115 

115 

115 

115 

115 

115 

119 

Energizing Current (milliamps) (max) 

300 

400 

600 




40C. 

Energizing Power (watts) (max) 

4 8 

5. 5 

7 

7 

10 

10 

6L 

Secondary Peak (min) 

Voltage Limits (max) 

88. 2 
91. 8 

88. 2 
91. 8 

88. 2 
91. 8 

88. 2 
91. 8 

88. 2 
91. 8 

88. 2 
91. 8 

88. y 

91.1 

No Load Temp. Rise (° C) (max) 

50 

50 

50 

50 

50 

50 


Electrical Error (minutes) (max) 

90(1F) 

150 

(1HF) 

36(3F, 

3B) 

0O(3HF) 

36(5F, 

5B) 

45(5HF) 

36 

36 

36 

91 

Torque Gradient (oz-in/deg) (min) 

0. 06 

0. 25 

a 40 

■SB 

1. 1 

1. 1 

0. 1 

Rotor DC Resistance (ohms) (approx) 

93 

30 

13 

13 



- 

Stator DC Resistance (ohms) (ap¬ 
prox) 

150 

l 

40 

24 

24 




Secondary Load Current (milli- 
amperes) (max) 

40 

200 





20 

Synchronizing Time (sec) 34 ° (ap¬ 
prox) 

1 

1 

, 1 

1 

1 

1 


Synchronizing Time (sec) 179 ° (ap¬ 
prox) 

2 

2 . 

2 

2 

2 

2 
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Type Designation 


Voltage (Nominal). 


MILITARY SYNCHRO TYPES 


Table 8—Prestandard Synchro Differentials 


G 





5DG 

6DG 

7DG 

5HDG 

5DGB 

6HDG 

7HDG 



Power (watte) (max) 


iry Peak (min) 
Limits (max) 


13 13 


88 . 2 88 2 88 2 88 2 

91.8 61. 8 91.8 91. 8 


180 18 81 18 


Load Temp. Rise (°C) 60 50 50 


Error (minutes) (max) 


Gradient (os-in/deg) (min) 0. 


on Torque (oz-in) (approx) 


DC Resistance (ohms) (ap- 130 157 




e* with Normal Accuracy 


■ Load Current (max) 


78 I 


miring Time (seconds) 34° 

I 

1 

railing Time (seconds) 179° 

1 

2 




42 44 
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Table 9—Prestandard Synchro Transformers 


Type Designation 

lCT 

1HCT 

3CT 

3HCT 

5CT 

5CTB 

5HCT 

5SCT 

6CT 

Primary Voltage (Nominal) 

115 

115 

115 

115 

ll 

Energizing Current (milliamps) (max) 

35 | 

35 

35 

34 

3 

Energizing Power (watts) (max) 

0. 7 

0. 7 ! 


mm 

a 

Secondary Peak (min) 

54 

54 

54 

54 

t 

Voltage Limits (max) 

60 

60 


60 

t 

No Load Temp. Rise (°C) (max) 

50 

50 

50 

50 

( 

i 

Electrical Error (minutes) (max) 

18 

18 

18 

18 

i 

Friction Torque (oz-in) at room tem. (max) 

0. 2 

0. 2 

■gtfi 

0. 6 

a 

Rotor DC Resistance (ohms) (approx) 

380 

160 

105 

30 


Stator DC Resistance (ohms) (approx) 

820 

360 

234 

HO 

| - 

Voltage Gradient (volts/degree) 

■B 

1. 0 

1.0 

10 ! 

i. 
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Chapter 5 

HARDWARE, TOOLS, AND MOUNTING METHODS 


To facilitate synchro mounting and attaching 
fare or dials to synchro shafts, several items of 
irdw&re have been developed. The different 
•unting methods and the manner in which items 
hirdware are used are described here. Special 
designed for use with the different hardware 
also are available. The mounting methods 
ibed here are recommended, but special re- 
ents may exist for specific installations. 


|ordwar« lor Standard Units 

Moan ting Clamp Assembly. The clamp as- 
Asnbly illustrated in figure 81 consists of a captive 



CAPTIVE SCREW 

LOCKWASHER 

CLAMP 



Figure 81—Mounting Clamp Assembly. 


4 ***, lockwasher, and clamp. Three damp as- 
^fiblies, displaced from each other by 120 de- 
may be used to mount a synchro or they 
be used in conjunction with the adapter as- 
*°>Wy or zeroing ring as described later. The 
•ptive screw has a size 4-48 thread. 

damping Disc Assembly. A damping disc as- 
**% consists of a clamping disc, figure 82, four 


captive screws, and four lockwashers. Assem¬ 
blies are made for use on standard size 11, 15, 16, 
18, and 19 synchros. The four screws fit into 
threaded holes on the front, shaft, end of the 
synchro and, as illustrated later, the pressure of 
the clamping disc against the pand or chassis 
holds the synchro in place. 



Figure 82— Clamping Discs. 


Adapter Assemblies. An adapter assembly, 
figure 83, consists of an adapter plus four captive 
screws and lockwashers. These assemblies may 

FOR SIZE FOR SIZE 15 FOR SIZE 18 

11 UNITS AND 16 UNITS AND 19 UNITS 



1 

2 

3 

4 

S 

1 

mini 

1111111 

mini 

mini 

mini 

mini 


Figure 83—Adapter Assemblies. 
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be used on size 11, 15, 16, 18, and 19 synchros. 
The four screws fit into the four tapped holes on 
the front, shaft, end of the synchro. When an 
adapter assembly is used, the synchro is secured 
to the chassis or panel by using three mounting 
clamp assemblies. 

Zeroing Ring. Zeroing rings, figure 84, are 
made to fit all eight sizes of standard synchros. 
The zeroing ring is a flat spring steel ring having 


ZEROING RINGS SHOWN ARE (FROM 
CENTER OUT) FOR SIZES 11. 15 AND 
16. 18 AND 19. 23. 31. AND 37 UNITS 



1 1 

2 

3 

4 

r 

6 

mini 

.mini 

mini 

mini 

i. ii 1111 

1111111 


Figure 84—Zeroing Rings. 

one sector with 6 to 20 gear teeth. Adjacent to 
the geared sector is a tongue which fits into a slot 
in the synchro frame and prevents the ring from 
turning around the synchro. When a zeroing 
ring is used, the synchro is secured to the panel 
or chassis by using three mounting clamp assem¬ 
blies. 

Shaft Nuts. Gears or dials are usually mounted 
on the shaft of a standard synchro, and the shaft 
nut, with the drive washer described later, is 
used to hold them in place. The three sizes are 
illustrated in figure 85. The smallest size is made 
for shafts with size #5-44 thread, the middle size 
is made for shafts with a #10-32 thread and the 
larger size for shafts with a JS-inch-28 thread. 

Drive Washers. When a dial or gear is mounted 
on a synchro shaft, it is essential that there is no 
backlash between the shaft and the dial or gear. 
Drive washers are splined to fit the shaft, and are 
shaped so that when the shaft nut is tightened, 
the teeth will dig into the shaft. Two tapered 




Figure 85 —Shaft Nuts. 

drive dogs engage holes or slots in the dial or geai 
being mounted. The maximum width of th< 
drive dog exceeds the hole diameter or slot widtl 
so that when the shaft nut is tightened, the driv- 
dogs are forced into the holes or slots. The com 
bined action of the oversize drive dogs and th 
teeth digging into the shaft assures an anti-back 
lash mounting. For locking the shaft nut, tab 
are provided which may be bent around the nut 
The four sizes of drive washer available are show 
in figure 86. They are made for shaft extension 
having 13, 15, 21, or 22 teeth. Drive washei 
are either black nickle-plated brass or aluminui 
alloy, and, normally, are provided with tb 
synchro. 

INTERNAL TABS WHICH ARE TAPERE1 



Figure 86—Drive Washers. 

Tools for Standard Synchros 

Angular Adjustment Tools. Where synchr 
are mounted by the use of an adapter assemt>l 
clamping disc assembly, or zeroing ring, it, 
possible to adjust them physically for electric 
zero by the use of either straight or 90-degr 
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Figure 91—Mounting a Synchro Using a Clamping 
Disc Assembly. 


screws are loose, the synchro may be rotated 
through 360 degrees for proper positioning. 

From Shaft End, Using an Adapter Assembly. 
When a synchro must be inserted into the chassis 


from the shaft end, it is possible to mount 
synchro by using an adapter assembly and thn 
mounting clamp assemblies, figure 92. The ada 
ter assembly is secured to the synchro fram 
the leads are attached to the synchro, the synch 
is inserted into the panel, and the adapter assemb 
is fastened in place by the three mounting clan 
assemblies. While the mounting clamp assembli 
are loose, a pinion wrench may be inserted in t 
hole provided in the chassis and the adapt 
assembly may be rotated for angular adjustmei 

From Terminal Board End, Using an Adapt 
Assembly. Figure 93 shows how a synchro 
inserted into the chassis from the terminal boa 
end and secured by an adapter assembly and thr' 
mounting clamp assemblies. 

From Terminal Board End, Using Thr 
Mounting Clamp Assemblies. Another methc 
which may be used when access is from termir 
board end and no angular adjustment is requin 
is illustrated in figure 94. The synchro is insert 
into the hole provided in panel or chassis a: 
secured by three clamp assemblies spaced 1 
degrees apart. 

From Terminal Board End, Using a Zero i 
Ring. This is the only method which may 



Figure 92 —Mounting a Synchro Using an Adapter Assembly/ From The Shaft End. 
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NOTE: HOLE FOR PINION 
WRENCH NOT SHOWN 


-MOUNTING CLAMP 
ASSEMBLY (3 REQTQ 


ADAPTER ASSEMBLY 


HOLES TAPPED 
FOR 14-48 SCREWS 


t 93—Mounting a Synchro Using an Adaptor 
Assembly/ From The Terminal Board End. 



Figure 94—Mounting a Synchro Using Three Mounting 
Clamp Assemblies. 


I for all standard synchro sizes. The zeroing 
is first placed on the synchro so that the 
pie fits the frame and the ring cannot be 
*d, figure 95. The synchro is inserted into 


the panel or chassis from the terminal board end, 
and is secured to the panel or chassis by three 
mounting clamp assemblies spaced 120 degrees 
apart. 


SYNCHRO IS SECURED TO' 
PANEL OR CHASSIS BY USE 
OF THREE MOUNTING CLAMP 
ASSEMBLIES (NOT SHOWN) 


. \ \ 


HOLE IN PANEL FOR 
PINION WRENCH v 


W 

\ \\ 

\ W 

\ W 

V 





STRAIGHT PINION WRENCH 
(90-DEGREE WRENCH USED 

WKRE SPACE PROHIBITS 
USE OF STRAIGHT WRENCH) 


"TONGUE ON 
ZEROING RING 
FITS INTO SLOT AND 
PREVENTS RING FROM 
TURNING 


TOOTHED SECTOR ENGAGED 
BY PINION WRENCH 


TONGUE (HIDDE 
RING FROM 


PREVENTS 

RNING 


ZEROING 

RING 


Figure 95—Mounting a Synchro Using a Zeroing Ring. 
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Methods for Mounting Prestandai 
Navy Synchros 

Prestandard Navy Synchros were suppli< 
in three types of housings to permit mountii 
in one of the following ways: 

Flange. Figure 96 illustrates the flang 
mounted synchro, which is the most commt 
prestandard type. The mounting hole is cut 
accommodate the flange and the synchro is th* 
clamped in place with screws and washers. 

Nozzle. Figure 97 shows a type 5N synchi 
one of the few nozzle-mounted types procur 
by the Navy. Figure 98 is an end view of tl 
unit, showing the location of mounting holes. 

Bearing. In this type synchro, the stator ci 
also be rotated. Figure 99 shows one possil 
mounting arrangement. It is possible to mou 
the supports and the synchro vertically or, 1 
the use of worm gears, to mount the unit so th 
the two shaft centerlines are at right angl* 
The arrangement shown is similar to that us 
in standard size 16 and 19 units. 


t HOLES IN THIS SHOULDER 

MAY BE USED FOR MOUNTING 
/ SPIDER OR DIAL INDEX 

f MOUNTING HOLES ON THIS 
SHOULDER (SEE FIGURE 97) 



PIGTAIL LEADS 


Figure 97—Type 5N Nozzle-Mounted Synchro. 
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figure 98 — Nozzle-Mounted Synchro; End View. 


Minting Gears and Dials on Synchros 

bndard Synchros. Figures 100 and 101 
rtrate a gear mounted on a standard synchro, 
nre 100 shows that the gear is first placed on 
gplined shaft, the drive washer is then placed 
the shaft so that its two drive dogs engage the 
r, and the shaft nut is put on behind the drive 
her. Figure 101 shows a cutaway view of the 
et wrench being used to tighten the shaft nut. 
(slotted pinion of the inner wrench holds the 
ft in position while the outer socket wrench is 
d to tighten the shaft nut. After the shaft 
is tightened and the socket wrench is removed. 


the tabs on the drive washer are bent to lock the 
shaft nut so that it cannot work loose as the 
synchro rotates. Figure 102 shows the recom¬ 
mended method for mounting adjustable dials on 
synchros. Figure 103 shows the recommended 
positioning of the drive washer and shaft nuts to 
insure maximum loading. 

Prestandard Navy Synchros. The shafts of 
prestandard navy synchros are made so that a 
dial or gear may be attached to a shaft without 
using setscrews or pins through the shaft. A 
special wrench is used to remove, install, or adjust 
dials or gears mounted in this way. Figure 104 
shows how dials and gears are mounted. On a 
receiver, the nut is tightened down to hold the hub 
of the dial tightly between the slotted washer on 
top and the thrust washer on the bottom, which 
rests on a step in the shaft. To adjust the dial’s 
position, when setting zero, for example, the nut 
is loosened, the outer part of the wrench is held to 
keep the shaft from turning, and the dial is turned. 
On a transmitter or control transformer, where the 
gear must drive the shaft, a pin may be used to 
keep the gear and slotted washer turning together. 
Since the slotted washer cannot turn, the gear is 
locked to the shaft,. 


BEARING RACE 
INSIDE SUPPORT 



Figure 99— Bearing-Mounted Synchro. 
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Figure 100—Mounting a Gear on a Standard Synchro; Exploded View. 


clamp and three #4-40 machine screws. Be s' 
that the screws are not more than about Ji-inch 
length, otherwise they will protrude through 
back of the hub. 

5. Mount the dial hub on the inner shaft e 
secure to the shaft using the washer and hex n 

6. Mount the outer dial on the spider us 
three #4-40 machine screws about }<-inch in leng 

7. Mount the inner dial on the hub using 
dial clamp and three #4-40 machine screws. 


Mounting Dials on a Double Receiver. A 

method of mounting dials on a double receiver is 
illustrated in figure 105. The procedure is: 

1. Remove the retaining ring on the outer shaft 
and the nut and washer from the inner shaft. 

2. Place the hub on the shaft as illustrated, 
fitting it into the keyed portion of the shaft. 

3. Replace the retaining ring on the outer 
shaft to hold the hub in place. 

4. Mount the spider on the hub using the spider 
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Figure 101—Mounting a Gear on a Standard Synchro / Assembled Cutaway View. 




ssz 

$3SS 

13 

OOM 

CIRCLE 

8 

aits 

CMCU 

22 

0437 

a«7* 

a°& 


DIAL 

HOLES FOR DRIVE DOGS 
DRIVE WASHER 
SHAFT NUT 


r * SIZE ANO LOCATION DATA ALSO APPLIES TO GEARS 
M2 —Mounting a Dial on a Standard Synchro. 


LENGTH OF HUB SHOULD BE: 
FOR SIZES 11, 15. 16, 18, 
OR ID—0.3d0* 

FOR SIZES 23, 31, 37-0.350 



HUB (NOT SPUN ED) 

Figure 103—Correct Positioning of Drive Washer To 
Insure Maximum Loading / Cross Section. 
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Figure 104—Mounting Gears or Dials on Prestandard Synchros. 
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Chapter 6 

ZEROING SYNCHROS 


The Need for Electrical Zero 

If synchros axe to work together properly in a 
system, it is essential that they be correctly con¬ 
nected and aligned in respect to each other, and 
to the other devices with which they are used. 
Consider a synchro transmitter and receiver used 
in an echo-ranging sonar equipment to provide an 
indication of sound projector position. Unless 
the projector, indicator, and synchros are correctly 
aligned in respect to each other, the operator 
cannot be sure the indicated projector position is 
correct. The same situation would exist in a 
gun director train indicating system, used to 
show the position of the director so the guns might 
be trained accordingly. 

Electrical zero is the reference point for align¬ 
ment of all synchro units. The mechanical refer¬ 
ence point for the units connected to the synchros 
depends upon the particular application of the 
synchro Bystem. When a synchro system is used 
to repeat ship’s course data, the reference point 
would be true north. For radar or sonar equip¬ 
ments, the reference point could be the ship’s bow 
or zero degrees. In a range or azimuth data 
transmission system, a specific distance or angle 
could be the reference point. Whatever the sys¬ 
tem, the electrical and mechanical reference points 
must be aligned. 

There are two ways in which this alignment can 
be accomplished. The most difficult way is to 
have two men, one at the transmitter and one at 
the receiver or control transformer, adjust the 
synchros while talking over sound-power tele¬ 
phones or some other communication device. The 
better way is to align all the synchros to electrical 
zero. Units may be zeroed individually and only 
one man is required to do the work. Another 
advantage of using electrical zero is that trouble 
in the system always shows up in the same way. 
For example, in a properly zeroed TX-TR system, 
a short circuit from S2 to S3 causes all receiver 
dials to stop at 60 or 240 degrees. 

In summary, zeroing a synchro means adjusting 


it mechanically so that it will work properly in 
system in which all other synchros are zeroet 
This mechanical adjustment is accomplished noi 
mally by physically turning the synchro rotor c. 
stator. Chapter 5 describes standard mountin 
hardware and gives simple methods for physicall 

adjusting synchros to electrical zero. 

^ * 

Electrical Zero Conditions 

For any given rotor position there is a defini 
set of stator voltages. One such rotor-positioi 
stator-voltage condition can be established as f 
arbitrary reference point for all synchros whir 
are electrically identical. Specific definitions f 
electrical zero are given here. 

Transmitters and Receivers. A synchro trac 
mitter, CX or TX, is zeroed if electrical ze 
voltages exist when the unit whose position t, 
CX or TX transmits is set to its mechanic 
reference position. A synchro receiver, TR, 1 
zeroed if, when electrical zero voltages exist, t 
device actuated by the receiver assumes 
mechanical reference position. In a receiver 
other unit having a rotatable stator, the ze 
position is the same, with the added provision tt 
the unit to which the stator is geared is set to 
reference position. In the electrical zero positk 
the axes of the rotor coil and the S2 coil are 
zero displacement and the voltage measured 1 
tween terminals Si and S3 will be minimum. T 
voltages from S2 to Si and from S2 to S3 are 
phase with the excitation voltage from Rl to I 
The actual terminal voltages should be as follot. 


115-volt Synchro 

26-volt Synchros 

Rl to R2 115 volts 

S2 to Si 78 volts 

S2 to S3 78 volts 

Si to S3 zero volts 

Rl to R6 26 volts 

82 to SI 10.2 volts 

S2 to S3 10.2 volts 

SI to S3 zero volts 


Differentials. A differential is zeroed if . 
unit can be inserted into a system without int. 
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king a change in the system. In the electrical 
kro position the axes of coils R2 and S2 are at 
irro displacement. Terminal voltages are as 

::J1owb: 


115-volt Synchros 


26-volt Synchros 


Rl to R3 zero volts 
81 to 83 zero volts 


Rl to R3 zero volts 
Si to 83 zero volts 


R3 to R2 78 volts 
S3 to 82 78 volts 
R2 to Rl 78 volts 
82 to 81 78 volts 


R3 to R2 10.2 volts 
S3 to 82 10.2 volts 
R2 to Rl 10.2 volts 
82 to SI 10.2 volts 


Control Transformers. A synchro control 
transformer is zeroed if its rotor voltage is mini- 
Qom when electrical zero voltages are applied to 
is stator, and turning the CT’s shaft slightly 
xunterclockwise produces a voltage between Rl 
Kid R2 which is in phase with the voltage between 
l\ and R2 of the CX or TX supplying excitation 
* the CT stator. Electrical zero voltages, for 
•if stator only, are the same as for transmitters 
td receivers. 

Ztroing Procedures 

The procedure used for zeroing depends upon 
^ facilities and tools available and how the 
^ijnchros are connected in the system. The 
procedures described in the following paragraphs 
.tow how synchros may be zeroed by use of only 

voltmeter and neon lamps, two lamps and a 
jifdset, synchro testers, or other synchros in the 
ptem. When zeroing differentials and control 
pus formers, it is helpful to have a source of 78 
Nts, 10.2 volts for 26-volt units. Figure 106 is 
• schematic diagram of an autotransformer, 
pis device is a single-winding variable-tapped 
Inductance. Many synchro systems have pro- 



frjw* 706— Autotransformer / Schematic Diagram. 


visions for stowing or locking units in their 
electrical zero position if the gyro compass fails. 
An autotransformer, or any other transformer 
used for this purpose would be a good source of 
the required 78 volts. 

Regardless of the method used, there are two 
major steps in each zeroing procedure. First, the 
coarse or approximate setting and, second, the 
fine setting. Many units are marked in such a 
manner that the coarse setting may be approxi¬ 
mated physically. On standard units, an arrow 
is stamped on the frame and a line is marked on the 
shaft extension as shown in figure 107. Standard 
synchros mounted by a clamping disc assembly, 
adaptor assembly, or zeroing ring may be rotated 
by use of a straight or 90 degree pinion wrench as 
described in chapter 5. 

Zeroing a Transmitter, CX or TX, Using a 
Voltmeter. The most accurate results can be 
obtained by using an electronic or precision 
voltmeter having 0- to 250- and 0- to 5-volt 
ranges. On the 0- to 5-volt range the meter 
should be able to measure voltages as low as 0.1 
volt. Proceed as follows: 

1. Set the unit, whose position the CX or TX 
transmits, accurately in its zero or reference 
position. 

2. Remove all other connections from the trans- 
natter’s stator leads, set the voltmeter to its 
0i to 250-volt scale, and connect as shown in 
figure 108 (A). 

3. Turn the rotor or stator until the meter 
reads about 37 volts, 15 volts for 26-volt units. 
This is the approximate zero setting. 

4. Connect meter as shown in figure 108 (B). 

5. Adjust rotor or stator for null, minimum, 
reading. 

Zeroing a Transmitter, Using Two Lamps and 
a Pair of Headphones. A less accurate way to 
zero a transmitter is shown in figure 109. Two 
6-watt, 115-volt lamps, use small 24-volt lamps 
for 26-volt systems, and a pair of headphones are 
used. Proceed as follows: 

1. Set the unit, whose position the CX of TX 
transmits, accurately in its zero or reference 
position. 

2. Remove all other connections from the stator 
and connect as shown in figure 109 (A). 

3. Unclamp transmitter and turn until lamp 
connected between terminals Si and S3 goes out. 

4. Connect lamp from Si to R2 as shown in 
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Figure 107—Coarse 


Electrical Zero Markings on Synchro Units. 


0-250 VOLT RANGE 



(A) COARSE SETTING 



(B) FINE SETTING 

Figure 1 08 —Zeroing a TX or CX Using a Voltmeter. 


figure 109 (B). If lamps are dim, transmitter is 
near 0 degrees; proceed to step 5. If lamps are 
bright, transmitter is near 180 degrees; reconnect 
as in figure 109 (A) and turn transmitter 180 de¬ 
grees; lamp goes out again. Connect lamp from 
Si to R2 to be sure lamps are dim, then go to step 5. 


5. Connect the headphones as shown in figur 
109 (C). If headphones are not available, ; 
voltmeter having a 0- to 5-volt range may b' 
used. Turn the transmitter carefully for mini 
mum sound in the headphones or minimum voll 
age on the meter. Clamp transmitter in positior 
then reconnect the leadB for normal use. 

Zeroing a Torque Transmitter, Using a Rc 
ceiver or Synchro Tester. This method is pc 
tentially less accurate than those previously dt 
scribed, because it is based on the assumption tha 
the other synchro used is accurate, which may c 
may not be true. Synchro Tester Mk 2 All Modi 
described in chapter 7, is not sufficiently accural 
to be relied on without question, and is for m 
on 115 volts, 60 cycles only. A receiver shoul 
also be checked to be sure it is at electrical zei 
when its dial reads zero or the reference value. 

1. Connect the receiver or synchro tester to tl 
transmitter as shown in figure 110. 

2. Set the unit, whose position the TX tran 
mits, accurately in its zero or reference positio 
Turn the transmitter until the receiver or synchi 
tester dial reads 0 degrees; the transmitter 
now at the approximate zero setting. 

3. Momentarily short Si to S3. If the receiv 
or synchro tester dial moves when Si is shorted 1 
S3, the transmitter is not zeroed; shift it slight 
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LAMP 



LAMP 



HEADPHONES 



h CO FINE SETTING ^- 

109—Zeroing a TX or CX Using Lamps And 
Headphones. 


fed try again. When the TX is accurately 
proed, clamp it and reconnect for normal use. 
p the receiver dial does not read zero or the 
ptaence value it is necessary to zero the receiver. 
I Zeroing a Torque Receiver, TR, With a Free 
Ptor. To zero a torque receiver with a free rotor 
Iftceed as follows: 


1. Disconnect stator leads and note normal 
connections for use when reconnecting. 

2. Set voltmeter on 0- to 250-volt scale and 
connect as shown in figure 111 (A). 

3. Temporarily, connect jumper between Si 
and S3 as shown by dotted line in figure 111 (A). 
Rotor will turn to 0 or 180 degrees: If meter reads 
about 40 volts, 15 volts for 26-volt synchros, rotor 
is at 0 degrees; proceed with step 4. If meter 
reads about 190 volts, 38 volts for 26-volt units, 
rotor is at 180 degrees; with jumper disconnected 
between Si and S3, turn rotor to approximate 
zero setting. Reconnect jumper; now synchro 
should go to 0 degrees; if meter reads 40 volts 
15 volts for 26-volt synchros, proceed with step 4. 

4. Connect meter as shown in figure 111 (B). 

5. Adjust rotor or stator for minimum volt¬ 
meter reading. 

If a voltmeter is not available, two 115-volt 
neon lamps connected in series may be substituted 
for determining coarse setting. The neon lamps 
glow when the synchro is in the 180 degree posi¬ 
tion. Two 115-volt filament lamps of 6-watt 
rating or less, two small 24-volt lamps for 26-volt 
system, may also be used;lamp’s minimum bright¬ 
ness occurs with the rotor at 0 degrees and maxi¬ 
mum brightness occurs with the rotor at 180 
degrees. 

Zeroing Torque Receiver with Rotor Not Free to 
Turn. When a torque receiver rotor is not free to 
turn it is necessary to zero it in a manner similar 
to that used for transmitters. A check on receiver 
zeroing may be made as follows: 

1. Set the transmitter to the electrical zero 
position and connect a temporary jumper from Si 
to S3, figure 110. If the receiver’s shaft moves 
more than a fraction of a degree when the jumper 
is connected, the transmitter is not set on 0 degrees 
and should be rechecked. 
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Figure 111—Zeroing a TR with a Free Rotor. 


2. If receiver shaft does not turn, unclamp 
synchro and rotate it until the receiver dial reads 
zero. Connecting and disconnecting the jumper 
several times so that the dial moves slightly, may 
help to set the dial more accurately. 

3. Clamp the receiver in position when finished 
and remove the jumper. 

Zeroing a Synchro Receiver by Electrical Lock. 
If lead connections may be easily removed, remove 
all stator connections and reconnect as shown in 
figure 112. The shaft will turn definitely to 0 
degrees. Set the dial at its zero or reference po¬ 
sition while the receiver is connected this way. 
If a source of 78 volts, 10.2 volts for 26-volt units, 
isnot available, 115 volts, 15 volts for 26-volt units, 
may be connected to Rl and R2 provided that it is 
not left connected in this manner for more than 



1 or 2 minutes, because operation on higher thac 
the rated voltage causes the synchro to overheat 

Zeroing a Differential Transmitter, Using i 
Voltmeter. A differential transmitter may be most 
accurately zeroed by using an AC voltmetei 
having 0- to 250- and 0- to 5-volt ranges. Th< 
procedure is as follows: 

1. Set the unit, whose position the CDX o 
TDX transmits, accurately in its zero or refereno 
position. 

2. Remove all other connections from the differ 
ential leads, set the voltmeter on its 0- to 250-vol 
scale, and connect as shown in figure 113 (A). 




Figure 113—Zeroing a Differential Transmitter Uun; 
a Voltmeter. 

3. Unclamp the differential and turn it until th 
meter reads minimum. The differential is now oi 
approximate electrical zero. Reconnect as show), 
in figure 113 (B). 

4. Set the voltmeter on the 0- to 5-volt scab 
and turn the differential transmitter until a nu 
reading is obtained. Clamp the differential in thi 
position and reconnect all leads for normal opei 
ation. 

Zeroing a Differential Transmitter, Using Tw 
Lamps and a Pair of Headphones. Another wa 
to zero a differential transmitter is to use tw 
115-volt, 6-watt lamps, two small 24-volt lamp 
for 26-volt units, and a pair of headphones. Ai 
AC voltmeter having a 0- to 5-volt range may b 
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eed in place of headphones. Procedure is as 
Mows: 

1. Set the unit, whose position the TDX trans¬ 
it, accurately in its zero or reference position. 

2 . Remove all other connections from the dif- 
hential and connect as shown in figure 114 (A). 

3 . Unclamp the differential and turn it until the 
imps are dimmest. The differential is now ap¬ 
proximately at electrical zero. Reconnect as in 
iwre 114 (B). 




1 74 —Zeroing a Differential Transmitter Using 
Lamps And Headphones. 

4. Turn the differential for minimum sound in 
tiie headphones or minimum reading on the volt- 
leter. Clamp the TDX in this position and re- 
ftinect all leads for normal operation. 

If 115 volts are applied instead of 78 volts, do not 
*ve the synchro connected for more than two 
linutes or it will overheat and may be perma- 
tetly damaged. 

Zeroing a Torque Differential Transmitter Using 
> Receiver and Torque Transmitter. The trans¬ 


mitter and receiver used may be part of the sys¬ 
tem in which the differential is used or separate 
units such as Synchro Tester Mk 2 All Mods. 

1. Check to see if the differential needs to be 
zeroed. First make sure the transmitter and 
receiver are correctly zeroed and the transmitter 
is held on 0 degreees during adjustment. Con¬ 
nect as shown in figure 115. If the receiver shaft 
moves when jumper A is connected from Si to S3, 
the transmitter is not on 0 degrees; recheck. 

2. Set the unit, whose position the TDX trans¬ 
mits, accurately in its zero or reference position. 
Unclamp the differential and turn it until the 
receiver dial reads 0 degrees. The differential is 
now approximately on electrical zero. 

3. Connect jumper B as shown in figure 115, 
momentarily between receiver terminals Si and 
S3, differential terminals Rl and R3. If the 
receiver shaft moves when jumper B is connected, 
the differential is not on 0 degrees; rotate the 
differential slightly and try again. When the 
differential is zeroed, clamp it in position and 
remove jumpers. 

Zeroing a Torque Differential Receiver Whose 
Rotor Is Free To Turn. When a TDR’s rotor is 
not free to turn, it is necessary to use one of the 
methods described previously for a torque or con¬ 
trol differential transmitter, but when the rotor 
is free to turn they may be connected as shown 
in figure 116. Procedure is as follows: 

1. Disconnect all other leads from differential. 

2. Connect as shown in figure 116 (A). The 
rotor will turn to either 0 or ^180 degrees when 
a jumper, shown by the dotted' line, is connected. 
If the meter reads about 28 volts, 6 volts for 
26-volt synchros, the differential is on approxi¬ 
mate electrical zero; proceed with step 3. If 
meter reads about 156 volts, 20 volts for 26-volt 
units, synchro is on 180 degrees; disconnect the 



Figure 115—Zeroing a TDX Using a TX and TR. 
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Figure 116—Zeroing TDR with Free Rotor. 

jumper, turn rotor to 180 degrees, and reconnect 
jumper for approximate zero setting. 

3. Change the connections to agree with those 
shown in figure 116 (B). 

4. Rotate the synchro until the meter reading 
is minimum. 

If a voltmeter is not available, two 115-volt 
neon lamps connected in series may be substituted, 
for 115-volt units only, in this procedure. The 
lamps do not light when the synchro assumes the 
electrical zero position, but light when the synchro 
is on 180 degrees. 

Zeroing a Differential Receiver, Using Two 
Zeroed Transmitters. When a differential re¬ 
ceiver is installed and cannot be easily discon¬ 
nected the following procedure may be used: 


1. Be 8ure both transmitters are zeroed &n< 
set in their zero or reference positions. 

2. Connect temporary jumpers as shown ii 
figure 117. 

3. With the jumpers connected, unclamp th 
differential and adjust so the dial on TDR read 
zero or reference value. After zeroing, clam 
the differential and remove jumpers. 

If the differential receiver moves when th 
jumpers are connected, the transmitter on tha 
side is not set at 0 degrees and should b 
rechecked. 

Zeroing a Control Transformer, Using an A 
Voltmeter. Using a voltmeter with a 0- to 250 
and 0- to 5-volt scale, control transformers ma 
be zeroed as follows: 

1. Remove connections from control tram 
former and reconnect as shown in figure 118 (A? 

2. Turn rotor or stator to obtain minimur 
voltage reading. 

3. Reconnect meter as shown in figure 118 (E 
and adjust rotor or stator for minimum reading 

4. Clamp the control transformer in positio 
and reconnect all leads for normal use. 

Zeroing a Control Transformer, Using Tw 
Lamps and a Pair of Headphones. Two 6-wat 
115-volt lamps, two small 24-volt lamps for 26-vo 
units, and a pair of headphones may be used f! 
zero a control transformer in the following manne 

1. Set the units, supplying excitation to the CT 
stator, accurately to their zero positions. 

2. Remove all other connections from the coi 
trol transformer and connect as shown in figui 
119 (A). 

3. Unclamp the control transformer and turn 
until the lamps are dimmest. The control tram 
former is now at approximate electrical zero. 

4. Reconnect as in figure 119 (B) and turn tl 
CT for minimum sound in the headphones, in lie 



Figure 117—Zeroing a TDR Using Two Zeroed TX's 
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(B) FINE SETTING 

Figure 118—Zeroing a CT Using a Voltmeter. 


[of headphones an AC voltmeter with a 0- to 5-volt 
■ale may be substituted. After zeroing, clamp 
Wie CT in this position and reconnect aH leads for 
■ormal operation. 

[ Lang 115 Volta Instead of 78 Volta for Zeroing. 

m exercising proper caution it is possible to 
(perform the preceding zeroing procedures using 
115 volts where a source of 78 volts is not available, 
f 115 volts is applied instead of 78 volts, do not 
»ve the synchro connected for more than 2 
miutea or it will overheat and may be permanently 
(imaged. 

k mm ary 

The described zeroing methods apply to all 
Uodard synchros and prestandard navy syn- 
boB. The same general methods may be applied 
i similar units, such as the IC units described in 
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Figure 119—Zeroing a CT Using Lamps And 
Headphones. 

chapter 8, provided connections are changed when 
necessary to agree electrically with those shown 
here and voltages are changed when necessary to 
match the characteristics of the unit that is 
zeroed. 

Before testing a new installation and before 
hunting trouble in an existing system, first be 
certain all units are zeroed. Also, be sure the 
device's mechanical position corresponding to 
electrical zero position is known before trying to 
zero the synchros. The mechanical reference 
position corresponding to electrical zero varies 
from one system to another; therefore, it is sug¬ 
gested that the instruction books and other 
pertinent information be carefully read before 
attempting to zero a Darticular synchro system 
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Chapter 7 

SYNCHRO TROUBLES 


Handling 

Synchro units require careful handling at all 
times. NEVER force a synchro into place, 
NEVER drill holes into its frame, NEVER use 
pliers on the threaded shaft, and NEVER use 
force to mount a gear or dial on the shaft. 

Maintenance 

Two basic rules exist: 

1. IF IT WORKS—LEAVE IT ALONE 

2. IF IT GOES BAD—REPLACE IT 

Synchros are not expected to operate forever 

without repair or overhaul; but, like other pre¬ 
cision instruments, they require the care of a 
specialist. Unless you are a trained, competent, 
synchro technician, NEVER take a unit apart or 
try to lubricate it. 

Troubleshooting Synchro Systems 

General. Shipboard synchro troubleshooting 
is limited to determining whether the trouble is 
in the synchro, or in the system connections. You 
can make repairs in the system connections; but 
if something is wrong with the unit, replace it. 
Generally, there are two major categories of 
troubles occurring in synchro systems. These 
are, (1) those likely to occur in new installations 
and (2) those likely to occur after the system has 
been in service awhile. 

New Installations. In a newly installed system, 
the trouble probably is the result of improper 
zeroing or wrong connections. Make certain all 
units are zeroed correctly; then check the wiring. 
Do not trust the color coding of the wires; check 
them out with an ohmmeter. A major source of 
trouble is improper excitation. The entire sys¬ 
tem must be energized from the same power source 
for proper operation. 

Existing Installations. In systems which have 
been working, the most common trouble sources 
are: 

Switches..shorts, opens, grounds, 

corrosion, wrong con¬ 
nections. 


Nearby equipment., water or oil leaking into 
synchro from other de¬ 
vices. I fthis is the trou¬ 
ble correct it before in¬ 
stalling a new synchro. 

Terminal boards_loose lugs, frayed wires, 

corrosion, and wrong 
connections. 

Zeroing...units improperly zeroed. 

Wrong connections and improper zeroing in an 
system are usually the result of careless work c 
inadequate information. Do not rely on memor 
when removing or installing units. Refer to tb 
applicable instruction book or standard plai 
Tag unmarked leads or make a record of tb 
connections; someone else may need the inform! 
tion. 

Trouble Indicators. Most synchro systems ii 
vplve units which are in widely separated location: 
If trouble occurs in such a system, it must t 
localized as quickly as possible. To save tim< 
use overload indicators and blown fuse indicatoi 
located on a central control board to locate 
faulty unit. 

Overload Indicators. The current in tl 
stator ciruit of a torque system gives a bett< 
indication of mechanical loading than does tl 
current in the rotor circuit. In figure 120 (A 
the TR load is such that its rotor lags 30 degre< 
behind the TX shaft. The rotor current, normall 
0.6 ampere, has increased only slightly; the stat< 
current, however, has increased from its normi 
zero value to 0.5 ampere. 

Figure 120 (B) shows an overload indicator coi 
nected in a simple TX-TR system. Because it 
possible, regardless of overload, for the stator cu 
rent in any one lead to be zero, it is necessary t 
connect the overload indicator to respond to tl 
currents in at least two stator leads. Two tran 
formers, each having a primary consisting of a fe 
turns of heavy wire and a secondary consisting < 
many turns of fine wire, are connected as showi 
The voltage across each secondary depends on tl 
current in the primary. The voltage from A to 
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Lamp. 

Figure 123 shows another type of blown fuse 
indicator. A small transformer having two identi¬ 
cal primaries and one secondary is connected as 
shown. When the fuses are closed, the equal 
primary currents induce equal and opposite volt¬ 
ages in the secondary. These two voltages cancel 
and the lamp remains unlit. When either fuse 
blows, no current flows in primary #2, and the 
voltage induced in primary #1 appears across the 
lamp, which lights. An added advantage is that 
only one lamp is required. 

One trouble common to all blown fuse indicators 
is illustrated in figure 124. The TR’s rotor circuit 
has been opened by a blown fuse, stator current 
flows because the voltages are no longer balanced, 


and about 85-90 volts is induced in the TR rotor 
With only 15-20 volte across the open fuse, th< 
blown fuse indicator does not light. The stato 
currents cause the overload indicator to light; thus 
a blown fuse causes an overload indication. If th 
switch in the TX rotor circuit is opened, the blow 
fuse indicator lights and shows the actual locatio 
of the trouble. 

Some Symptoms and Their Probable CauM 

Tables 10 through 15 summarize, for a simp! 
TX-TR system, some symptoms and their prol 
able causes. When two or more receivers are coi 
nected to one transmitter, similar symptoms occu 
If all the receivers act up, the trouble is in tb 
transmitter or the main bus. If the trouble a; 
pears in one receiver only, check that unit and it 
connections. The angles shown do not apply t 
systems using differentials, or to systems who* 
units are incorrectly zeroed. Zero the system b< 
fore looking for other troubles. 

In a control system, the trouble may be slight! 
more difficult to isolate. The existence of troufc 
is readily indicated when the system does n< 
properly respond to the input order. For contr* 
systems, it is easiest to locate troubles by use < 
the Synchro Tester Mk 2 All Mods or by checkiD 
the operating voltages. 


OVERLOAD 

INDICATOR 

LIGHTS 
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Table 10—General Symptoms 

vliminary Actions: Be sure TR is not jammed 
physically. 

!jn TX slowly in one direction and observe TR. 


Symptoms 


Trouble 


-rload Indicator lights 
'iiU hum at all TX settings 
v unit overheats 

ft follows smoothly but reads 

rong 


rvload Indicator lights 
K*.» hum at all except two oppo- 
•:te TX settings 
Sen units overheat 
ft stays on one reading half the 
;i.ne, then swings abruptly to 
"x opposite one. TR may 
•dilate or spin 


< rload Indicator lights 

hum on two opposite TX 

flings 

Kb units get warm 
P. turns smoothly in one direc¬ 
tion, then reverses 


Rotor circuit open or 
shorted 
See table 11 


Stator circuit shorted 
See table 12 


Stator circuit open 
8ee table 13 


r t reads wrong or turns back- 
»srds, follows TX smoothly 


Unit interconnections 
wrong 

Unit not zeroed 
See tables 14 and 15 


Trouble From Other Equipment. Do not con- 
fd other equipment, which is not related to the 
tchro system, to the primary excitation bus. 
ien unrelated equipment is connected to the 
■nary excitation bus, the system will show all 
' symptoms of a shorted rotor when it is turned 
however, it will check good when it is turned 
In figure 125 the rotor of the TR is connected 


t-HROS ACT LIKE TRANSFORMERS I I 

F NG TO FEED OTHER EQUIPMENT | | 



^'jwr« 7 25—Other Equipment in Parallel with 
Synchros. 


Table 11—Open or Shorted Rotor 


Preliminary Action: Set TX to O' 
smoothly counterclockwise. 

s and turn rotor 

Symptoms 

Trouble 

TR turns counterclockwise from 0 to 
180° in a jerky or erratic manner, 
and gets hot 

TX rotor open 

TR turns counterclockwise from 0 or 
180° in a jerky or erratic manner. 
TX gets hot 

TR rotor open 

TR turns counterclockwise from 90 or 
270°, torque is about normal, motor 
gets hot, and TX fuses blow 

TX rotor shorted 

TR turns counterclockwise from 90 or 
270°, torque is about normal, TX 
gets hot, and TR fuses blow 

TR rotor shorted 


in parallel with other equipment, and both are 
fed normally from the AC supply through switch 
SW2. If this switch is opened while switch SWl 
is still closed, the equipment connected across 
the TR rotor acts as a partial short, causing 
overheating of both units. 

Checking Standard Voltages. A good way to 
find the trouble in an operating system is to use 
known operating voltages as references for faulty 
operation. Since the proper operation of a sys¬ 
tem is indicated by the proper variations in rotor 
and stator voltages, and AC voltmeter can be 
used to locate troubles. When an AC voltmeter 
is connected between any two stator leads, the 
voltage should vary from 0 to 90 volts, 0 to 11.8 
volts for 26-volt systems, as the transmitter 
rotates. The zero and maximum voltage values 
should occur at the following headings: 


Meter 

Zero Volt- 

Maximum 

Connected 

age Head- 

Voltage 

Between 

ings 

Headings 

Si and S2 

120°, 300° 

30°, 210° 

S2 and S3 

60°, 240° 

150°, 330° 

Si and S3 

0°, 180° 

90°, 270° 


The rotor voltage should remain constant at 
all times, either 115 volts or 26 volts. In a sys¬ 
tem where the units are close enough to permit 
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Table 12—Shorted Stator 


Symptoms 

Trouble 

Setting or Conditions 

Indication 


When TX is on 120° or 300° 
but 

When TX is between 340° and 80°, 
or between 160° and 260° 

Overload Indicator goes out and TR reads cor¬ 
rectly 

Overload Indicator lights, units get hot and hum, , 
and TR stays on 120° or 300°, or may swing 
suddenly from one point to the other 

Stator circuit shorted from f 
to 82 

When TX is on 60° or 240° 
but 

When TX is between 280° and 20°, , 
or between 100° and 200° 

Overload Indicator goes out and TR reads cor¬ 
rectly 

Overload Indicator lights, units get hot and hum, 
and TR stays on 60° or 240° or may swing 
suddenly from one point to the other 

Stator circuit shorted from 1 
to S3 

Stator circuit shorted from ! 
to S3 

When TX is on 0° or 180° 
but 

When TX is between 40° and 140°, 
or between 220° and 320° 

Overload Indicator goes out and TR reads cor¬ 
rectly 

Overload Indicator lights, units get hot and hum, 
and TR stays on 0° or 180°, or may swing 
suddenly fron one point to the other 

Stator circuit shorted from l_ 
to S3 

Stator circuit shorted from i 
to S3 


Overload Indicator on continuously, both units 
get very hot and hum, and TR does not follow 
at all or spins 

All three stator leads short 
together 


Table 13—Open Stator 


Symptoms 

Trouble 

Setting or Conditions 

Indication 


When TX is on 150° or 330° 
and 

When TX is held on 0° 

TR reverses or stalls and Overload Indicator 
lights 

TR moves between 300° and 0° in a jerky or 
erratic manner 

SI stator circuit open 

When TX is on 90° or 270° 
and 

When TX is held on 0° 

TR reverses or stalls and Overload Indicator 
lights 

TR moves to 0° or 180°, with fairly normal 
torque 

S2 stator circuit open 

When TX is on 30° or 210° 
and 

When TX is held on 0° 

TR reverses or stalls and Overload Indicator 
lights 

TR moves between 0° and 60° in a jerky or 
erratic manner 

S3 stator circuit open 

When TX is set at 0°, and then 
moved smoothly counterclockwise 

TR does not follow, no Overload Indication, no 
hum or overheating 

Two or three stator leads op 
or both rotor circuits oper 
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Table 14—Wrong Stator Connections, Rotor Wiring Correct 


Setting or Conditions 

Indication 

Trouble 

"i set to 0° and rotor turned 
moothly counterclockwise 

TR indication is wrong, turns clock¬ 
wise from 240° 

81 and 82 stator connections are re¬ 
versed 


TR indication is wrong, turns clock¬ 
wise from 120° 

82 and S3 stator connections are re¬ 
versed 


TR indication is wrong, turns clock¬ 
wise from 0° 

81 and 83 stator connections are re¬ 
versed 


TR indication is wrong, turns counter¬ 
clockwise from 120° 

81 is connected to 82, 82 is connected to 
S3, and S3 is connected to 81 


TR indication is wrong, turns counter¬ 
clockwise from 240° 

81 is connected to S3, 82 is connected to 
81, and S3 is connected to 82 

Table 15 — Wrong Stator and/or Reversed Rotor Connections 

Setting or Conditions 

Indication 

Trouble 

X is set to 0° and rotor turned 
•moothly counterclockwise 

TR indication is wrong, turns counter¬ 
clockwise from 180° 

Stator connections are correct, but 
rotor connections are reversed 


TR indication is wrong, turns clock¬ 
wise from 60° 

Stator connections Si and 82 are re¬ 
versed, and rotor connections are 
reversed 


TR indication is wrong, turns clock¬ 
wise from 300° 

Stator connections 82 and S3 are re¬ 
versed, and rotor connections are 
reversed 


TR indication is wrong, turns clock¬ 
wise from 180° 

Stator connections 81 and 83 are re¬ 
versed, and rotor connections are 
reversed 


TR indication is wrong, turns counter¬ 
clockwise from 300° 

81 is connected to 82, 82 is connected to 
83, S3 is connected to 81, and rotor 
connections are reversed 


TR indication is wrong, turns counter¬ 
clockwise from 60° 

81 is connected to S3, 82 is connected to 
81, 83 is connected to 82, and rotor 
connections are reversed 


Packing, the voltage between the R1 or R2 ter¬ 
m'd of any unit energized by the primary AC 
ft jrce and the corresponding Rl or R2 terminal 
r any other unit energized by the primary AC 
pee should be zero. Where the excitation 
page, 115 volts or 26 volts, is above or below 
kt nominal value, the maximum stator voltages 
hi also be above or below normal. 
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Voltage Balance Check. To check the voltage 
balance of a torque transmitter, connect a good 
receiver, whose shaft is free to turn, as shown in 
figure 126. If the output voltages are correctly 
balanced, the voltmeter will not vary more than 
a volt or so as the shaft of the TX or TDX is 
turned through 360 degrees. Any greater varia¬ 
tion indicates an unbalance, possibly due to a 
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Figure 126—Voltage Balance Check. 


faulty synchro capacitor or leakage between two 
of the three wires. 

CAUTION: The Voltage Balance check 
produces high currents in the receiver. 
Disconnect the receiver as soon as the 
test is completed. 

Use of 60-Cycle Synchro Tester Mk2 AH Mods. 

The 60-cycle synchro tester, figures 127 and 128, 
may be used to reduce the time required to locate 
defective units using 115 volt-60 cycle-current, 
only. The synchro tester consists of a IF receiver 
on which a calibrated dial is mounted and may 
be used either as a TR, TX, or CX. 

When used as a TR the synchro tester is con¬ 
nected in place of the TR suspected of being 
defective or connected directly to the TX or 
TDX to check its output. 



CLUTCH —' 
DISENGAGES 
DIAL FROM KNOB 


CALIBRATED DIAL 


TYPE IF 
RECEIVER 


KNOB FOR 
SETTING DIAL 


Figure 127—60-Cycle Synchro Tester Mk 2 All 
Mods. 



Figure 128 — Close-up View of Dial and Index on 60 
Cycle Synchro Tester Mk 2 All Mods. 


The calibrated dial on the synchro tester shouli 
follow the rotation of the transmitter. Th< 
synchro tester may also be used for a quick checl 
of whether or not the transmitter is on an approx 
imate electrical zero. 

When a transmitter or differential transmitte 
in the system between the transmitter and CT i 
suspected of being defective the synchro teste 
may be used to simulate the action of the trans 
mitter. Used as a control transmitter, the synchr 
tester drives one of any 60-cycle type standard o 
prestandard synchro control transformer. Th 
synchro tester may be used as a torque transmits 
for driving one 18TR6, 23TR6, IF or lHI ; 
torque receiver. 

The synchro tester will help locate defectiv 
units, but should not be relied on without questior 
for use in zeroing units. It is possible for thi 
calibrated dial to slip from its proper position 
Also, since the dial is graduated only every 1 
degrees, it is difficult to read small angles wit 
accuracy. The synchro tester is often used i 
testing range data transmission systems. As a 
example, a change in range data of 10,000 yard 
may cause the synchro tester to turn through 9 
degrees, 180 degrees, or some other definite angle 


88 


Digitized by ^.ooQle 










SYNCHRO TROUBLES 


spending upon the ingenuity of the user, the 
Tichro tester should prove to be a useful and 
□esaving device. 

Synchro tester MK 30, all Mods shown in 
Fires 129 and 130, is a similar device fabricated 
th a 15TR46 synchro, for use in checking 400- 
"de svnchros. 


CALIBRATED 

DIAL 


TYPE 15TR4B 
RECEIVER 



frt 129—400-Cycle Synchro Tester Mk 30 All 
Mods. 

^dilations and Spinning in Torque 
Systems 

Oscillations, rapid swinging back and forth, and 
lining are fairly common in torque systems, 
piining is usually caused by a defective inertia 
neper or shorted stator leads. Excessive oscil- 
lions may be due to these same troubles, but 
switching oscillations described here are 
final in some systems. 

Switching Oscillations. In systems where one 
Emitter drives several receivers, switching 

470487 O—58-7 



CALIBRATED 
DIAL 


KNOB FOR 
SETTING DIAL 


Figure 130—Dial on Synchro Tester MK30, All 
Mods,- Close-up View. 


oscillations may occur when suddenly one receiver 
is switched into the system. All the receivers in 
the system oscillate for a few seconds, and then 
the oscillations die out. Figure 131 (A) shows a 
transmitter connected to two receivers, with a 
third receiver which can be switched into the sys¬ 
tem. The transmitter and the two connected 
receivers are set at 90 degrees. The third 
receiver is set at zero. At the instant the switch 
is thrown, figure 131(B), a strong torque is exerted 
on the shaft of TR #3, turning it toward 90 degrees. 
At the same time, the currents producing this 
torque produce voltage changes across the stator 
coils of TR #1 and TR #2. These changes cause 
the rotors of TR #1 and TR #2 to turn toward 
zero; how far they turn depends upon the size of 
the transmitter and the number of units in the 
system. When TR #3 reaches 90 degrees, the 
voltages balance and its stator currents are re¬ 
duced to zero. No torque acts on its shaft, so it 
continues to rotate to some position beyond 90 
degrees. This pulls the other receivers slightly 
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out of position, figure 131(C). When enough 
torque is built up to stop TR 3, it starts back 
toward and passes 90 degrees a little slower this 
time. This operation continues for a few seconds 
before the system stabilizes. The receiver has to 
pass the correct position before it can stop. It 
is often impractical to correct switching oscillations 
after the system has been installed, but they can 
be minimized by the following precautions: 


NEVER replace a receiver with a larger receivi 
Excessive currents cause switching oscillatioi 
The smallest practical unit should be used in a 
synchro receiver installation. 

NEVER put too much load on a receiver. 

NEVER replace a transmitter with a smal 
unit. 

AVOID long runs of small-diameter wire 
connections. 
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Chapter 8 

SIMILAR DEVICES 


}uite often other electromagnetic data-transfer 
■ices are improperly referred to as synchros, 
•f devices mentioned in this' chapter are de- 
oed solely to avoid such confusion. Nothing 
'•his chapter should be taken as a suggestion 
ii‘ the units described here be used in place of 
bhros. 

('Interior Communication, Units 

The Engine Order Telegraph, Steering Tele- 
*ph, Rudder Indicator and similar position- 
bating systems used on naval vessels are 
•illy simple synchro systems; however, many 
-pi use IC transmitters and IC receivers for the 
lifer of such information. IC units operate 
:he same general principles, but enough differ- 
exist to warrant a brief comparative dis- 
fcion. 

Construction. Because of their construction, 
units are sometimes called reversed synchros. 
-• primary winding, consisting of two series- 
i'ected coils, is mounted physically on the 
*' or - The secondary, consisting of three Y- 
-lected coils, is mounted physically on the 
ur. Figure 132 shows this arrangement sche- 
t'ically. 

deration. IC units operate on the same prin- 
"s of interacting magnetic fields as synchros, 
liffer in direction of shaft rotation and amount 
orque obtainable. When an IC transmitter 
1C receiver are connected in parallel, figure 
A), the shaft of the IC receiver follows the 
‘Hon of the IC transmitter shaft. In figure 
1 B), the IC transmitter is replaced by a 
-Pro transmitter; the IC receiver shaft now 
"rin a direction opposite to that of the synchro 
Emitter. Voltages which cause counterclock- 
rotation of a synchro shaft cause clockwise 
’ il; on of an IC unit shaft. An IC receiver can 
^nnected to an IC transmitter so that the 
rotate in opposite directions, see figure 
3 (C). There is one exception to this: the 
-•a] connections of the Bendix type N unit, 


CAL-4400-1, are arranged so that when it is 
used with a type A or B IC transmitter, S1-S3 
must be crossed for the same rotation and con¬ 
nected directly for opposite rotation. The torque 
obtainable from either an IC unit or synchro is 
determined by the magnetizing power and the 
magnetizing power which can be applied is lim¬ 
ited by the allowable temperature rise. When the 
stator is energized, as in IC units, the magnetizing 
power can be increased with a resulting larger 
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(A) 1C TRANSMITTER AND 1C RECEIVER 
IN PARALLEL-SHAFTS ROTATE IN 
SAME DIRECTION 


(B) SYNCHRO TRANSMITTER AND 1C 
RECEIVER IN PARALLEL- 
SHAFTS ROTATE IN OPPOSITE 
DIRECTIONS 




Figure 133 — 1C 


(C) IC TRANSMITTER AND 1C RECEIVER 

WITH R1 AND R3 LEADS INTERCHANGED— 
SHAFTS ROTATE IN OPPOSITE DIRECTIONS 


Unit Shaft Rotation. 


torque. The reason for this is that the losses are 
dissipated in the form of heat around the outer 
shell of the IC transmitter or receiver. In syn¬ 
chros, this heat loss is dissipated through the 
rotor, the air gap, and then the outer shell to the 
surrounding air. 

The main disadvantage of IC units lies in possi¬ 
ble inaccuracy with erratic operation at small 
error currents. The output currents are taken 
from the rotor and must pass through slip rings 
and brushes, which often become dirty and, offer a 
high resistance to these small currents. 

Tables 16 through 18 list the important charac¬ 
teristics of various IC units. For purposes of 
comparison, equivalent synchros are also listed. 
The primary supply for all units listed in the tables 
is 115 volts, 60 cycles. 

Zeroing IC units. To zero an IC unit, apply 
the general theory used for synchros. The posi¬ 
tion where rotor coil 2 lines up with the stator 
coils is defined as electrical zero. 

To zero an IC receiver: 

1. Mount the receiver in its normal position 
and disconnect all external leads. 

2. Connect as shown in figure 134. The 
shaft will turn to the electrical zero position. Do 
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not leave the receiver connected in this main 
any longer than necessary, as it will overheat. 

3. Loosen the shaft coupling or the clamps 
the stator and rotate either one until the indica' 
points to the zero reading. 

4. Tighten in this position and reconnect 
normal use. 

To zero an IC transmitter: 

1. Mount the transmitter in its normal pc 
tion and set the unit whose position it transm 
in the zero or reference position. 

2. If the transmitter shaft coupling can 
loosened: 

a. Disconnect all external leads and c* 
nect the transmitter as shown in figure 134. 
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Table 16—5 Size Units 


(’haracteristics 
Dimensions are 
in Inches) 

Require¬ 
ments of 
BuShips 
Specifi¬ 
cations 
Types A 
AND M 

Bendix 

Cal-3075 

Cal-3076 

1 

Bendix 
Cal-3075-1 
Cal-3075-2 
Cal-3076-1 
Cal-3076-2 

Henschel 1 
15-001 
15-002 
15-014 
15-015 
15-030* 

Henschel 

15-021* 

BuOrd 

Types 

5F and 5G 

imeter of mounting: 
•ace-shaft end 


1. 500 

1. 500 

1. 875 

1. 875 

1. 63 

"utside flange diameter 

3. 625 

3. 625 

3. 625 

3. 625 

3. 625 

3. 625 

'lutside shell diameter 

3. 39 

3. 375 

3. 375 

3. 39 

3. 23 

3. 39 

Jt diameter and 
inscription 

0. 25 

0. 25 

0. 3125 

0.25 No. 4-48 

0.3125 No. 6- 

0.25, threaded 

nr-all length to end of 

•r.aft 

6. 05 

6. 04 

6. 04 

tap through 
from 
end 

6. 05 

40 tap 
through y t ” 
from end 
and key way 
H x K« x 

6. 05 

on end (}$"- 
28, 0.247 di¬ 
ameter) 

6. 05 

d of shaft to first flange 

2. 02 

2. 03 

2. 03 

2. 02 

2. 02 

2. 02 

dth of flange 

0. 25 

0. 25 

0. 25 

0. 25 

0. 25 

0. 25 

•:ance between flanges, 
enter to center 

2. 06 

2. 06 

2. 06 

2. 06 

2. 06 

2. 07 

ondary voltage 

None 

90 

90 

90 

90 

90 

tation for 1-2-3 con¬ 
nection shaft end 

None 

CW 

CW 

CW 

CW 

CCW 


The Henschel 15-030 and 15-021 are the only units of this size currently being supplied. The 15-030 Is labeled type A SR (Transmitter) or type M-8R 
i-.nver). (The “SR” stands for "Special Replacement.”) It Is essentially a type 15-021 unit with a small shaft and a shim fitted between flanges to make 
-■■-table for use as a replacement for the older type Henschel units (15-001, 15-002, 15-014, and 15-015). 

Henschel 15-011 units are found on many vessels and are somewhat shorter than the 15-030 units, distances between mounting flanges being 1.750 Inches 
f. i'J» Inches; however, a complete 15-030 unit can always be used to replace a complete 15-011 unit. 

fpare part Items for special replacement units will be the same as for current type A and type M units and will not be Interchangeable with spare parts 
r:tally furnished. 


b. With the shaft held in the zero position, 
;hten the shaft coupling and reconnect for 
'rmal operation. 

3. If the IC transmitter shaft coupling can- 
f! be loosened: 

a. Zero one receiver in the system, as de- 
■ribed previously. 

b. Adjust the position of the transmitter’s 
r stors, or the linkage connecting its shaft to the 
t-'Ociated equipment, until the zeroed receiver 
Micates zero. 

c. Tighten the unit in this position. 

The physical reference position of an IC unit 
prresponding to electrical zero varies as indicated 
ere, depending on its use. Instruction books 
biuld still be referred to since there may be some 
i eptions to these rules. 


Application 

Physical 
Position for . 
Electrical Zero 

Engine Order Tele- 

Center of Stop 

graph. 

Order. 

Steering Telegraph_ 

Zero 



Propeller Revolution 

Zero 

Telegraph. 


Underwater Log.- 

Zero 

Wind Direction and 

Zero 

Intensity. 



Unit Troubles. The trouble shooting tables for 
synchros, chapter 7, may be applied to IC units 
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Table 17—1 Size Transmitters 


Characteristics (Dimensions 
are in Inches) 

Requirement 
of BuShips 
Specifica¬ 
tions Type N 

| 

i Bendix 
Cal-4400-1* 

i 

Henschel 

15-023 

BuOrd Type 

IF* 

Diameter of mounting: 

Face-shaft end 


1. 0625 

1. 250 

1. 000 

1. 065 
1. 25C 

Outside flange diameter 

2. 375 

2. 250 

2. 375 

2. 25 

Outside shell diameter 

2. 188 

1. 950 

2.188, 2.268 two 

1. 95( 

Shaft diameter and description 

0. 125 i 

0. 156 

sec. of shell 

0. 1251 

0.182 shaft ta- - 

Over-all length to end of shaft 

3. 9G9 

3. 938 

3 . 969 ] 

pered thread* 
on end No. I 
64 NF3 0.08f 
diameter 

3. 90 

End of shaft to first flange 

1. 063 

2. 192 

1. 063 

2. 14 

Width of flange 

0. 25 

0. 25 

0. 25 

0. 25 

Distance between flanges, center to center 

1. 196 

Only one flange 

1. 196 

Only one flange 

Secondary voltage 

None 

90 

90 

90 

Rotation for 1-2-3 connection shaft end 

None 

CCW 

cw 

CCW 


•The Bendlx CAL-4400-1 Is identical, except for shaft size with a type IF Synchro. When used with a type A or B Transmitter, Si and S3 must 
reversed for normal rotation. 


Table 18—6 Size Transmitters 


Characteristics 
(Dimensions are in Inches) 

Require¬ 
ments OF 
BuShips 
Specifica¬ 
tions 

Bendix 

CAL-3482 

Henschel 

15-022* 

BuOrd Typi 
6G 

Diameter of mounting: 

Face-shaft and 

Outside flange diameter 

4. 50 

1. 625 
4. 50 

2. 000 
4. 50 

1. 6: 
4. 5« 

Outside shell diameter 

4. 00 

Approx. 4, 4.25 

4. 00 

4. 0 

Shaft diameter and description 

0. 35 

to step on 
flange 

0. 350 

0. 350 

0.350 shaft 

Over-all length to end of shaft 

7. 22 

7. 167 

7. 094 

tapered 
threaded on 
end "-28 
NF3 key way 
Me * 0.0937 

M» 

7. 2 

End of shaft to first flange 

2. 22 

2. 22 

2. 22 

2. 2 

Width of flange 

0. 25 

0. 25 

0. 25 

0. 2 

Distance between flanges center to center 

2. 50 

2. 50 

2. 50 

2. 5 

Secondary voltages 

None 

90 

90 

90 

Rotation for 1-2-3 connection-shaft end 

None 

CW 

cw 

CC' 


•Will handle up to 18 Type M IC Receivers without overload. 
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: the following changes are made: substitute 
tor for stator, stator for rotor, Rl for Si, R2 
>rS2, Si for R3, S2 for R2, and S3 for Rl. 

Some typical troubles of IC units are summar- 
-d here. If receiver follows but reads wrong: 

1. Make certain all units are correctly zeroed. 

2 . Check interconnections to be certain they 
correct. 

J !. If reading is sometimes correct and some- 
nes 180 degrees out, suspect an open in the 
-eiver or transmitter stator circuit. 

If indicator follows correctly for certain 
snsmitter positions, but is sloppy and oscillates 
: other positions, suspect an open in the rotor 
.cuits. 

5 . If fuses are blown and indicator reads 90 
5ees off, suspect a shorted stator. 
i If one receiver of a multiple system is jam- 
the rest read wrong. 

If receiver does not follow when transmitter is 

zned: 

1 Turn the receiver by hand to be sure it 
. it jammed; other receivers in the same system 
•;(1 wong if it is. 

2. Check AC supply to stators, 
i Check for two open rotor connections. 

1 There may be a short between two rotor 
ids. In this case, all indicators in the system 
f-held on some multiple of 60°. 

If receiver swings violently back and forth or 
(is, although sometimes caused by sudden 
'^nges in position or switching operations, this 
a.' indicate trouble: 

1. Stop it by hand. 

2 . If it follows correctly and reads correctly 
-til it gets a sudden shock which starts its 

ning or oscillating again, the damper mounted 
- its shaft is not operating properly, 
i If it locks in at a certain position and holds 
re regardless of transmitter position, two rotor 
ds are shorted together and the damper may 
bad also. 

t If it shows no tendency to lock in or to follow, 
just spins, all three rotor leads are probably 
rted together. 

IC Unit Maintenance. Unlike synchros, neces- 
>ry maintenance on IC units can be performed 
: qualified shipboard technicians. Rotor as- 
ftMies may be taken apart for maintenance, 
titled extreme care is exercised. Disassembly 
“'ructions should be read carefully before at¬ 


tempting to disassemble any unit. Some as¬ 
semblies are carried in spares if needed. Where 
qualified personnel are not available, no attempt 
should be made to repair units. 

If trouble develops in the rotor circuits, remove 
the cover over the brushes, the nameplate on 
Henschels, and inspect the brushes and slip rings. 
If they are corroded or dirty, remove the brushes 
and clean the brushes and slip rings. Use a clean, 
lint-free cloth or chamois. In cases of severe 
corrosion or pitting, very fine sandpaper may be 
used on the slip rings. 

If it is necessary to replace the rotor, or if the 
unit needs oiling, the unit must be taken apart. 
Remove the brushes and the screws which liold 
the unit together, pull it apart carefully, and 
remove the rotor. Inspect the ball bearings to 
be sure that they are in good condition, and re¬ 
place them from spares if necessary. Before 
installing new bearings, clean off the thick vaseline 
used to prevent rust. When replacing a bearing 
in the front end frame, do not disturb the shims. 
Four shims are usually needed, allowing an end 
play of 0.01 to 0.015 inch. If oil is needed on the 
bearing, apply one drop at the top of each ball, 
or less if balls are oily. Use a high-grade light 
oil as recommended by the manufacturer; Stand¬ 
ard Oil of New Jersey, Univis No. 48, or watch 
oil may be used as a substitute. 

Clean the oscillation damper thoroughly, cover¬ 
ing the nibbing surfaces with a light film of 
vaseline, before reassembling the unit. 

Interchangeability of IC Units and Synchros. 
Tables 16 through 18 indicate that BuShips IC 
units of any given type are interchangeable for 
most applications as complete units, both mechan¬ 
ically and electrically. This holds true regardless 
of manufacturer or date of manufacture with the 
following exceptions: 

1. Henschel and Bendix type N units are 
electrically interchangeable, but considerably dif¬ 
ferent as to mounting dimensions. 

2. Type A and type M units are now sup¬ 
plied with a %6-inch, 0.3125-inch, diameter shaft 
instead of a }{-inch, 0.25-inch, diameter shaft. 
When adapting the new type units to instruments 
formerly equipped with older type units, the 
following should be noted: 

a. When a }{-ineh diameter shaft was used 
in conjunction with a shaft extension or coupling 
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with thin cross section, make a new extension or 
coupling to fit the new % 6 -inch diameter shaft. 

b. When a Ji-inch diameter shaft was used in 
connection with gears, hubs, clamping nuts, shaft 
extensions, couplings, pointer hubs, or throw 
collars having adequate cross section, ream a larger 
hole to fit the larger shaft. It is not recommended 
that the % 8 -inch diameter shaft be ground down 
to Ji-inch. 

3. Some applications of Henschel 15-001 units 
require a 4-48 screw through the end of the shaft. 
Newer Henschel 15-021 units have a 6-40 screw. 
This applies particularly to the type A unit used 
in Pitometer Log Corporation type B shaft 
revolution transmitters. 

4. Type A and M outside shell diameter varia¬ 
tion, as listed in the tables, is not serious and 
does not affect interchangeability for most 
applications. 

5. Under normal conditions, synchros should 
never be used to replace IC units. Adequate 
spares are normally provided for all IC units 
installed on naval vessels; however, in an emer- 



OUTPUT TAKEN FROM 
LEADS CONNECTED TO 
THE THREE BRUSHES 


Figure 135—Commutator Transmitter. 


gency, IC units may be interchanged to the 
extent indicated in the table. The following 
notes will be helpful in emergency replacement of 
IC units with corresponding synchros: 

a. Mounting dimensions are essentially the 
same except for Henschel type N units. 

b. Some form of adapter must be used it 
practically all cases, as shaft diameters and meth 
ods of shaft coupling differ considerably. 

c. Shaft rotation is opposite for IC units 
and synchros. IC units are electrically inter 
changeable with corresponding synchros providet 
terminals Rl, R2, Si, S2, S3, of synchros respec 
tively, are connected where terminals Si, S2, R3 
R2, Rl of IC units were connected. The pri 
mary is on the stator of IC units and on the roto 
of synchros. 

d. Synchros have higher accuracy than cor 
responding IC units. 

e. All IC units are equipped with termina 
blocks, but all synchros are not; however, Un¬ 
does not affect interchangeability. 

More complete instructions concerning the de 
tails of synchro adaptation are contained ii 
BuShips standard drawings, available to interested 
activities. 

Commutator Transmitter 

Another device is the AC commutator transmit 
ter, figure 135, whose construction is similar t 
a transformer. A single-layer secondary is woun- 
on the flat side of an iron core. Three brushet 
mounted on a common shaft and spaced 12 
degrees apart, are rotated around an uninsulate 
circular path in continuous contact with th 
windings. AC excitation is applied to the pr 
marv winding and the output taken from th 
three brushes. Commutator transmitters, whil 
not extensively used, have certain advantage 
over synchro transmitters, especially in the large 
sizes. These advantages are: (1) greater acci 
racy, (2) A higher coupling coefficient betwee, 
primary and secondary. For a high degree e, 
accuracy it is necessary that the pitch of th 
secondary windings be uniform and the wire sis 
be sufficiently fine to avoid graininess. 

Step-by-St«p System 

The synchros and similar devices thus far di 
cussed are used with alternating currents. J 
times, remote indicating systems which opera 
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STEP-BY-STEP 

TRANSMITTER 


STEP-BY-STEP 

MOTOR 



Figure 136 — Step-By-Step System. 


p direct current are required. One of these, 
he Step-by-Step system, is illustrated in figure 
i6. Although many variations are employed, 
ie system shown is typical. 

The step-by-step system is often used to drive 
rcmpass repeaters on naval vessels and merchant 
ups having DC power. The system operates 
isrectly from a DC supply and requires no AC 
ocitation. 

The principles of operation of the step-by-step 
motor are very much the same as discussed in 
cnapter 1. Six electromagnets are mounted 
iround a soft iron armature and connected as 
town in figure 137. Each pair of coils is wound 
opposite to the adjacent pair. 



If a DC voltage is applied across the number 1 
coils, the armature turns to the position shown in 
figure 138 (A). Since the armature is soft iron, 
either end may turn up, depending upon the 
position of the rotor when voltage is applied. If 
the same voltage is also applied to the number 2 
coils, the armature turns to a position midway 
between the number 1 and number 2 coils, figure 
138 (B). If the number 1 coils are now discon¬ 
nected, the armature turns until it lines up with 
the number 2 coils, figure 138 (C). Figure 138 (D) 
shows the number 3 coils connected and the 
armature rotated one step further. If this process 
is continued, figure 138(E) and 138(F), the arma¬ 
ture can be rotated through 360 degrees. 

In actual operation, the step-by-step motor is 
driven by a rotary switch shown in figure 133. As 
the switch rotates, it applies voltage first to coil 1, 
then to 1 and 2 together, then to coil 2 and then 
to coils 2 and 3 together, then to 3 and so on 
until the complete revolution is made. As a 
result, the armature turns in 30 degree steps 
following the rotation of the rotary switch. The 
rotating arm of the switch is geared to the gyro 
compass so that 1 degree rotation of the gyro 
causes the rotary arm to rotate through 360 
degrees. The step-by-step motor is geared to its 
compass card so that the card moves 1 degree for 
each six steps of the motor. 

There are two step-by-step systems in use, the 
only difference being the voltage supplied to the 
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.THE THREE RESISTORS (180 OHMS EACH^ARE 


(A) VOLTAGE APPLIED TO 
NUMBER 1 COILS ONLY 




(E) VOLTAGE APPLIED TO 
NUMBER 3 COILS ONLY 


(F) VOLTAGE APPLIED TO 
NUMBER 1 AND 
NUMBER 3 COILS 



Figure 138 — Step-By-Step Motor in Various Positions 


motor coils. The older system operates on 20 
volts, the newer one on 70 volts. Typical dia¬ 
grams of these systems are shown in figure 139. 

A hand reset knob is provided on step-by-step 
repeaters, so that the motor can be turned by 
hand to agree with the reading on the master 
compass each time the power supply is reconnected. 
The reason for this is that there are two positions 


SHORTED OUT AS SHOWN BY THE DOTTED LINE FOR 
20-VOLT OPERATION OF MOTOR 



Fig 


ure 


139—Typical Step-By-Step Motor Showint 
Terminals. 


on the motor where the armature can lock in 
giving an erroneous reading on the compass 
repeater. 

There are times when synchro receivers must be 
used on a vessel which has a step-by-step system 
and in these cases a converter is necessary. Figure 
140 (A) shows a simple step-by-step to synchrc 
converter. A coupling connects the shafts of the 
synchro transmitter and step-by-step motor. Tin 
converter receives step-by-step transmission fron 
the gyro compass system and transmits synchrc 
signals to systems requiring compass information 
The wiring diagram of the converter is shown ii 
figure 140 (B). 

To zero a step-by-step to synchro converter 
proceed as follows: 

1. Make certain all the associated synchro re 
ceivers are properly zeroed. 

2. Remove excitation from the step-bv-ste] 
motor. 

3. Set the synchro transmitter on electrics 
zero and adjust the attached scale to read zero. 

4. Set the shaft of the step-by-step motor b 
hand so that the scale reading agrees with th 
reading of the master compass, and reconnect th 
step-by-step motor to the system. 
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COUPLING 


FROM 

STEP-BY-STEP 

TRANSMITTER 


STEP-BY-STEP 

MOTOR 


SYNCHRO 

TRANSMITTER 


(A) PHYSICAL ARRANGEMENT 


STEP-BY 

STEP 

MOTOR 


SYNCHRO 

TRANSMITTER 



“6 6 6061 

1 2 3 4 5 



n>-6~6 -an 

9 10 11 12 
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FROM 

STEP-BY-STEP 

TRANSMITTER 


(B) ELECTRICAL ARRANGEMENT 
Figure 140 — Step-By-Step to Synchro Converter. 
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DC Position Indicator 

Another device operating on DC current is the 
position indicator, figure 141. 

In construction, the transmitter is a potentiom¬ 
eter with 360 degrees of continuous rotation. The 
winding is tapped every 120 degrees and the DC 
excitation is applied to two brushes spaced 180 
degrees apart. If voltages AB, BC, and CA are 
plotted against the shaft angle, a set of curves 
similar to those of a synchro is obtained. The 
receiver is similarly wound with the windings 
tapped every 120 degrees. Inserted within the 
receiver windings is a cylindrical or salient pole 
permanent magnet which is free to rotate and 
turn a shaft. Since alternating currents are not 



Figure 141 —DC Position Indicator. 


present in this system, a stationary copper damp¬ 
ing ring or cup is usually mounted in the air gap 
between rotor and pole pieces. 
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